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A NOTE ON THE FRUSTRATION-AGGRESSION 
THEORIES OF DOLLARD AND HIS 
ASSOCIATES 


BY GEORGE K. MORLAN 
Springfield College 


Parallel to the confusion in the public 
debate on civil rights legislation, and 
perhaps one of the causes of that confu- 
sion, are two conflicting psychological 
theories concerning what happens when 
an aggressive impulse is expressed. Ac- 
cording to some psychologists, the ex- 
pression of aggression serves as a cathar- 
sis; the frustration of an aggressive 
impulse simply increases the strength 
of the aggression. 

According to another theory, the ex- 
pression of an aggressive impulse does 
not result in catharsis, but, on the con- 
trary, sets up a vicious cycle that leads 
to further aggression. 

Thus we have a variant form of the 
old James-Lange controversy: Do we 
abuse minorities because we hate, or do 
we hate minorities because we abuse 
them? Since psychologists are not clear 
about this issue, it is no wonder that in 
public discussion many people are con- 
fused and disturbed. Important, prac- 
tical issues are involved, and a clarifica- 
tion of the underlying psychological 
theory is urgent, for before supporting 
or opposing civil rights legislation, we 
need to know whether laws designed to 
prevent lynching and the like would 
make the dominant group more malevo- 


lent or whether the net result would 
likely be pacifying. 

These two unreconciled psychological 
theories have both been advanced by 
John Dollard in different places, but in 
conjunction with the same general topic 
of frustration-aggression. Since these 
two contradictory theories clearly de- 
fine the issue, Dollard’s writings will be 
used as the basis for the following dis- 
cussion. 


CATHARSIS THEORY 


In Frustration and Aggression (6), 
under the joint authorship of John Dol- 
lard, Leonard W. Doob, Neal E. Miller, 
O. H. Mowrer, and Robert R. Sears, the 
authors argue that frustration causes 
aggression. Childhood, adolescent, and 
adult experiences are frustrating. Illus- 
trations of each are given, and the re- 
sulting aggression is described and ex- 
plained in terms of frustration. It is 
asserted that the intensity of frustra- 
tion varies according to the number of 
areas that are involved as well as the 
intensity of the original drive that is 
thwarted. Other factors that determine 
intensity or the likelihood of expression 
need not be reviewed here, but in the 
conclusion of Chapter Three, two cor- 
relative principles, numbered 2 and 4, 
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state in different ways the same funda- 
mental principle of catharsis as follows: 


“2. The inhibition of acts of direct ag- 
gression is an additional frustration which 
instigates aggression against the agent per- 
ceived to be ‘responsible for this inhibition 
and increases the instigation to other forms 
of aggression. There is, consequently, a 
strong tendency for inhibited aggression to 
be displaced to different objects and ex- 
pressed in modified forms. . . .” 

“4, The expression of any act of aggres- 
sion is a catharsis that reduces the instiga- 
tion to all other acts of aggression. From 
this and the principle of displacement it 
follows that, with the level of original frus- 
tration held constant, there should be an 
inverse relationship between the expression 
of various forms of aggression” (6, pp. 
53-54). 

Stated more simply in English, these 
authors conclude that if our urge to hit 
someone that pushes us at a football 
game is prevented by law or custom, 
we resent laws, the police, and Yale, and 
become more hostile in general. Or if 
we beat up the alumnus, we are relieved 
of our hostility and become so tranquil 
that our aggression (at least tempo- 
rarily) toward Jews, Catholics, or Sena- 
tor Taft is reduced. What happens if 
we are beaten up doesn’t seem to come 
within the perview of this scientific 
statement. 

The practical issue at stake is no 
trivial matter, for the acceptance of this 


hypothesis justifies opposition to laws. 


designed to prevent discrimination and 
lynching. It also follows that people 
who are oppressed should accept pa- 
tiently the stings and deprivations they 
suffer, for in the process of beating up 
others or similarly relieving their ag- 
gression, the persecutors who are filled 
with the bile of civilization will get rid 
of their hostile feelings. At peace with 
themselves, the aggressors will then start 
loving Negroes and give them equal op- 
portunities in jobs, education, and gov- 
ernment. 


Defined in this operational fashion, 
this hypothesis appears absurd. Never- 
theless, a variety of evidence has been 
advanced to support it. Since Sargent, 
in a recent article (13), has dealt with 
the aspect of the theory concerning frus- 
tration causing aggression, we shall con- 
fine ourselves primarily to the catharsis 
aspect of the hypothesis. Dollard and 
his associates summarized in their book 
the evidence available in 1939, but since 
that time more evidence has accumu- 
lated in support of their theory. With 
one exception, the following reports 
have appeared since Frustration and 
Aggression was published, but the gen- 
eral point of view is the same. 

Appel (2) compared children from 
two nursery schools, one where there 
was little supervision and much fighting 
and the other where there was more 
adult supervision and fighting was dis- 
couraged. Appel found that the follow- 
ing year when the children were in the 
kindergarten with about equal super- 
vision, the children who had done the 
most fighting now had fewer altercations. 
On the other hand, the aggressiveness 
of the children whose combativeness had 
been suppressed was now doubled. 

H. E. Jones (9) found that babies 
that cried readily apparently got rid of 
their emotions and were less tense, as 
measured by the psychogalvanometer, 
than those babies that did not cry so 
readily. 

Recent mental hospital practice with 
the psychodrama and the more common- 
place use of recreation, arts, crafts, and 
play therapy support in a general way the 
view that the expression of feelings even 
indirectly promotes poise and _ health, 
and the treatment of anxiety neurosis 
in particular is in keeping with the 
catharsis hypothesis. As might be ex- 
pected, nondirective counseling has been 
most successful with anxiety states, but 
the method of catharsis has been re- 
ported as successfully used also in deal- 
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ing with some aggression in the class- 
room. 

In teaching a course in race relations 
Gordon W. Allport (1) noticed hostility 
on the part of the class toward himself. 
By permitting the students to express 
their feelings, he observed that they 
gained insight into their exaggerations 
and were helped in restructuring their 
attitudes. Allport concluded that a 
teacher dealing with race relations be- 
comes more effective if he permits the 
feelings to be released and thus drained 
off. Straight lectures on minority rights, 
he believes, are useless. 


“The listener is often so near to burst- 
ing with hostility that nothing new can 
come into his mind until something old 
comes out.” “We have all had the experi- 
ence of listening to friends who fill us 
with their woes and who finally say, ‘Well, 
now, that’s enough of my troubles. I feel 
better after spilling them out tec you. 
Let’s go to the movies.’ Or, instead of 
going to the movies, it may be that the 
friend is ready to listen to the opposite 
point of view. But he could not have done 
so until his pressure was relieved. If the 
listener had crossed swords with the com- 
plainer at the outset, tenseness and strug- 
gle, rather than catharsis, would have been 
the result.” 


A similar point of view has been ad- 
vanced by Dorothy Baruch, (3) and she 
has criticized a typical group of teachers 
and supervisors for having 


“no understanding of the emotional genesis 

. of behavior. ... The fact, for in- 
stance, that Negroes or Japanese could be 
symbols on which to let out aggression to 
a parent or sibling was unrecognized. The 
fact that engendering quiet, controlled be- 
havior might hide rather than clear a prob- 
lem was out of the picture. The empha- 
sis was on repressive, problem-augmenting 
techniques. It disregarded acceptance of 
inner emotions and of releasing problem- 
reducing procedures.” 


Baruch related how one teacher was 
able to accept the dirty language and 


abuse a child directed toward her, and 
how the child was helped to become 
adjusted by the teacher’s accepting this 
abuse. 

In all of these instances, the expres- 
sion of aggression helped to reduce the 
tension and promoted healthful adjust- 
ment. Following this view through to 
its logical conclusion, Ellis Freeman (7) 
has declared that 


“This obliges us to accept some form of 
expression of hate as an inevitable com- 
ponent of personality. Each one of us 
must hate something, be it no more than 
the Devil. The only area of choice lies in 
the object against which the hate or ag- 
gression shall be directed.” 


But he also went on to assert that if 
hostility toward Jews were curbed, frus- 
tration would be increased, and therefore 
hostility would break out toward some 
other group. In other words, as the 
authors of Frustration and Aggression 
assert on page 1, “. . . frustration al- 
ways leads to some form of aggression.” 

This is equivalent to the view that 
was popular some twenty-five years ago 
that if you suppress your sexual urges, 
a complex will set in; therefore people 
should let themselves go. Perhaps the 
frustration-aggression theory is also 
roughly equivalent in validity to this 
view on sex. 

The catharsis hypothesis has limited 
value and usefulness, but it does not 
square with tertain obvious facts, and a 
careful examination of the supporting 
evidence reveals that some of the mate- 
rial permits more than one reasonable in- 
terpretation. In the case of the chil- 
dren who did more fighting in the 
nursery school and less in kindergarten, 
one cannot conclude unequivocally that 
in the process of the fighting the chil- 
dren had gotten rid of their aggressive 
feelings. Jersild (8) has pointed out 
that 


“A finding such as this does not mean 
that a child of three or four has within him 
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a certain amount of fight which he must 
get out of his system; rather it suggests 
that children must practice and have ex- 
perience in order to work out their tech- 
niques of dealing with one another.” 


Neither is play therapy merely a mat- 
ter of a child’s expressing his resentment 
or aggression. In a Veteran’s Housing 
project in one of our Eastern colleges, 
there is a Polish child who terrorizes 
the neighborhood. His mother and 
father were both imprisoned in a Nazi 
concentration camp when he was a baby. 
His father died there, and the child suf- 
fered terribly at the hands of the Nazis. 
He and his mother survived, and his 
mother later married a GI who brought 
them to this country. The boy still has 
scars from shrapnel wounds he received 
during the Nazi blitz, and the scars of 
his personality are all too evident. He 
has become so difficult to manage that 
his mother, who is nyw pregnant, locks 
him out of the house during the day. 
He is a serious behavior problem for 
his parents and the entire community; 
yet he is constantly expressing his feel- 
ings in an overt way, and some of his 
play resembles play therapy. He buries 
any doll he finds, but neither this expres- 
sion of his feelings nor his attacks on 
other youngsters serves as a catharsis 
for his feelings." 

In 1944 I also pointed out that more 
extensive scientific investigation on adult 
behavior might reveal that expressing 
our feelings freely can stir us up fur- 
ther.* I related how I had “heard a 
neurotic janitor swear at a woman ten- 


1Since the mere expression of feeling may 
be a pretty futile sort of thing, isn’t the term 
‘non-directive counseling’ a psychological mis- 
nomer? If the analysis of the Polish child is 
correct, expression may be less important than 
direction. There is probably more direction, 
though more subtle direction, in ‘non-direc- 
tive counseling’ than its advocates are willing 
to admit. 

2In a footnote on page 50 of Frustration 
and Aggression there is this brief admission. 
“Also the repetition of a mode of behavior 


ant, and after she had gone, he con- 
tinued to rage about her in front of the 
building until he was sick with fury. 
An hour later, instead of being sweet 
and placable, he was consumed with bit- 
terness. Two days afterwards, he was 
still upset, and I heard him say that he 
felt so bad he couldn’t sleep. He was 
remorseful, not relieved” (11). 

He had been misused and frustrated 
by the tenant, but his venting his feel- 
ings “on the agent perceived to be re- 
sponsible for this inhibition” did not 
bring the peace that should have been 
expected on the basis of the catharsis 
hypothesis. Indeed, his hurt feelings led 
to abusive language which stirred him 
up further, which, in turn, made him 
still more disturbed. 


CrrcuLtar, INTERACTION THEORY 


Strangely enough, reasoning from the 
sdme set of principles set forth in Frus- 
tration and Aggression about frustra- 
tion causing aggression, in 1938, a year 
earlier, Dollard concluded that the ex- 
pression of aggression often leads not to 
catharsis but to further aggression. His 
earlier view thus constitutes a refuta- 
tion of the catharsis theory with which 
his name is associated. 

In the earlier Social Forces article, as 
in the later work, he argued that race 
prejudice develops in a context of frus- 
tration that begins with birth in our so- 
ciety. Frustration leads to feelings of 
aggression, and “It is in part the un- 
derestimation of these tendencies which 
makes ‘race prejudice’ seem so mys- 
terious.” Our social psychology is also 
inadequate in its “underestimation of 
the frustrating character of in-group life 
for its adult participants.” 


may presumably produce learning of it. 
Throughout this hypothesis both the role of 
temporal factors and the influence of learn- 
ing present problems acutely in need of de- 
tailed solution.” But nowhere does this ad- 
mission of inadequacy affect the sweeping 
formulation of the hypothesis. 
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He recognized that some direct ag- 
gression results from economic and social 
competition, but he stressed the fact 
that childhood and adult frustrations 
lead to hostile feelings. These feelings, 
in turn, are channelled by the prejudices 
that are established in society toward 
minorities. But instead of the expres- 
sion of aggression relieving and reduc- 
ing the tension, as was asserted so 
categorically in Frustration and Aggres- 
sion, Dollard came to the opposite con- 
clusion that the expression of aggression 
sets up an interaction that makes one 
more aggressive. 


“Intensive studies of individuals have re- 
peatedly demonstrated the existence of the 
following mechanism: first, wishes to in- 
jure other people or the accomplishment 
of such injury; second, a fear of retalia- 
tion based on what has been done or in- 
tended; third, the appearance of new ag- 
gression against the wronged object. This 


vicious circle phenomenon is an example 
of psychological interaction and can lead 


to apparently reasonless hostile behavior 
against those who are guilty only of being 
the object of hostility” (5). 


If this vicious circle, interaction view 
is true, then it is not true that “The 
expression of any act of aggression is a 
catharsis that reduces the instigation to 
all other acts of aggression.” (Italics 
are mine.) Indeed, to the extent that 
the interaction theory is true, the cathar- 
sis hypothesis is untrue or limited. 

Whether Dollard changed his theory 
during the interval of a year or whether 
he did not concur with the extreme state- 
ment of catharsis in Frustration and 
Aggression is not clear. In the foreword 
of the volume, the Director of the Yale 
Institute of Human Relations pointed 
out that the cooperative volume was not 
exactly a ‘love feast.’ Each author, he 
said, was probably frustrated by the 
book’s not representing his own convic- 
tions at many points. Therefore we 
cannot assume that Dollard was un- 


aware of the incoherence of these two 
hypotheses stated in conjunction with 
the same general topic. However, we 
are not concerned here with the ade- 
quacy of Dollard’s distinctive contribu- 
tion but with the adequacy of two con- 
flicting points of view, and we have used 
his name only to help identify the 
theories. 

This second hypothesis also has im- 
portant, practical implications. If this 
interaction view is correct, then the ex- 
pression of antagonisms might wisely be 
discouraged or even suppressed. Mi- 
norities, then, would not only be hurt 
less, but the oppressors’ feelings of hate 
would be less stirred up. There is also 
a variety of evidence to support this 
hypothesis. 

The expression of aggression in such 
acts as stealing (resulting from the frus- 
tration of poverty) is not likely to “re- 
duce the instigation” to stealing, but 
to increase it. One finds habitual 
thieves; rarely individuals who have 
broken into houses once. In other 
words, acting aggressively is one means 
of strengthening hostile behavior and 
reducing normal inhibitions. 

It is also possible to find individuals 
who have never had sexual relations, but 
rarely does one find an individual who 
has had intercourse once. The sexually 
aggressive person does not become less 
aggressive sexually by seducing every 
woman he meets, but more confident and 
habituated to his own behavior. 

In the psychodrama there can also be 
habituation as well as catharsis. Cun- 
ningham (4) has related an instance of 
practice in a role-playing situation that 
helped a young man reconstruct his be- 
havior patterns. 


“He had insight into his personal prob- 
lems, but the carry-over into real life was 
comparatively meager. This set up in 
itself an unfortunate conflict. He knew 
what was the matter and what to do about 
it, but in actual practice he was not able 
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to make the change, with the result that 
he felt more helpless and angry at himself. 

“In searching for ways and means out 
of that dilemma, he tried a lot of things 
such as self-hypnotism, prayer, Benjamin 
Franklin note books, and the driving will 
of others. Some worked for a while, but 
none for long. Somehow he couldn’t make 
the grade. Then in a play he experienced 
some improvement that stuck. He was 
given the part of an extroverted newspaper 
man, the friend of the great and poor, the 
woman killer who passed off his conquests 
and losses with a laugh. He had so much 
trouble getting into his part, he was con- 
tinually urged by another to sparkle in- 
side. He found that once that buoyant, 
light feeling was acquired inside it was 
comparatively easy to portray the gay and 
happy reporter. 

“He came to enjoy playing the part and 
found that it was nice to be a friendly guy 
whom everybody liked even if it was only 
on the stage. But often the sparkle feel- 
ing persisted after rehearsal, and he would 
carry on in that manner as they went out 
for a bite to eat. 

“Later he discovered that his stage role 
worked in real life, though he was bothered 
somewhat, for he knew he was acting. His 
real self was so terribly depressed. How- 
ever, in time that outgoing kind of behav- 
ior became habitual to the point where the 
depressed self was losing its grip over 
many segments of his life. He now finds 
that he often actually feels friendly toward 
people and now approaches them with the 
idea that they will like him and will want 
to have him around. He no longer con- 
siders himself habitually as a wet blanket 
that nobody wants.” 


Aggression is not directly or primarily 
involved here, but this case illustrates 
that expression of a feeling can 
strengthen that feeling. Evangelists get- 
ting people to make public declaration 
of faith, salesmen getting people to 
sign on the dotted line, leaders getting 
people to contribute funds, #.e., act— 
all of these illustrate the principle that 
if you want to strengthen an impulse, 
get people to act or do something in 
keeping with that impulse. 


In Hitler Germany, too, the freedom 
to release aggression against the Jews 
did not drain off anti-Semitism or re- 
duce the hostility of Germans toward 
the rest of the world. There was no 
“inverse relationship between the expres- 
sion of aggression” and peacefulness 
any more than there is today as this 
paper is being written. Quite the con- 
trary, violence and hate increased (and 
is increasing) with the expression of 
violence and hate. 

In a race riot or a lynching, the vio- 
lent expression of aggression does not 
dissipate the feeling, but increases ten- 
sion and violence. The catharsis hypoth- 
esis is far too simple to be useful for 
either a comprehensive explanation of 
social phenomena .or a guide for social 
legislation. The interaction of our own 
behavior on ourselves, on the other 
hand, has been too largely ignored. 


CONCLUSIONS 


Frustration is one among many dy- 
namic factors that influence behavior, 
and in the flow of life it rarely if ever 
exists without the blending of other 
factors. Although the authors of Frus- 
tration and Aggression have recognized 
that “a number of antecedent condi- 
tions must sometimes all be present be- 
fore any instigation occurs” (p. 4, foot- 
note), they have not adequately recog- 
nized other complicating factors, and 
have too largely ignored the correlative 
complexity of expression of aggression. 
No aggressive act is the simple atomistic 
expression of feeling toward another as 
the catharsis view assumes. Therefore 
it is not true that the expression of hate 
or antagonism necessarily releases and 
dissipates that feeling as is stated with- 
out qualification in conclusion No. 4 
(6, p. 54). 

As Dollard pointed out in Social 
Forces, our hurting others may make us 
fear them, and therefore cause us to be 
stirred up further. Perhaps people 


ee Bt) fradoren i Od Bane. ww 
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realize that whatsoever they sow, that 
shall they also reap. Hate still leads to 
hate. It is probably not true as Gardner 
Murphy has claimed that “Most people 
forget that the gun kicks when fired 
...’ (12). The fact is that most people 
do realize that the gun does kick when 
fired and that is the reason that the ex- 
pression of hate makes one hate more. 
The tension of our feelings may also 
not be released because we may have a 
sense of guilt or shame from hurting 
others. Apparently, in an attempt to be 
scientifically universal, the aggression 
hypothesis of the Yale group has been 
formulated in such an abstract form that 
it has been stripped of the human vari- 
ability necessary for it to be psychologi- 
cally valid. Neither frustration nor ag- 
gression is a simple entity to which a 
specific remedy such as catharsis is ap- 
plicable in all cases. The theory of 
catharsis has about as much validity for 
behavior as castor oil has as a medicine. 
Because castor oil may be useful for 


treating certain cases of constipation, we 
would not be warranted in using it to 
cure flat feet. 

Frustration often results in aggres- 
sion, but frustration does not necessarily 


cause aggression. Moreover, aggression 
can occur in the absence of frustration. 
This conclusion is in agreement with 
Sargent’s view that 


“Certain kinds of behavior which are 
definitely aggressive seem to be the so- 
cially sanctioned ways of behaving in some 
communities (e.g., a tough city slum area 
or a primitive culture). Such behavior 
may well be learned and practiced without 
having its origin, necessarily, in frustra- 
tion” (13, p. 111, footnote). 


The catharsis theory and the inter- 
action theory are both half truths. 
Since the latter theory has not presumed 
to be an overall explanation of behavior, 
it is not subject to the same weaknesses 
of the former. However, the catharsis 
hypothesis has limited validity and use- 


fulness, though it needs to be defined 
more definitely and its scope set more 
clearly. . The likelihood of a healthful 
catharsis resulting from the expression 
of aggression is considerably less under 
some conditions than under others. 
Some of the conditions and complexities 
are as follows: 


1. The expression of a feeling may 
serve as a release for the aggressive 
feeling or may increase it. To achieve 
a healthful release, aggression must be 
expressed in a therapeutic situation. A 
therapist or one who acts in the rdle of a 
therapist must be present and influenc- 
ing the individual or group. A psychia- 
trist observing a riot would not auto- 
matically make that situation a thera- 
peutic one because of his presence. 
Unless the therapist is interacting in the 
situation, the expression of antagonism 
is more likely to strengthen antagonism, 
and runs the danger of teaching others 
to share the same feelings. 

2. Those who are expressing their 
enmity must not be rewarded for doing 
so. The Woltmans and Peglers have 
been writing venomous columns in news- 
papers for years; yet their piled-up ag- 
gression has not been dissipated by their 
freedom of expression. The reason is 
obvious. They get paid well for hating. 
So, too, were the hatreds in Germany 
rewarded. They were whipped up for a 
purpose, and the people, in turn, got 
satisfaction and support from others by 
their uninhibited hates. 

3. If people believe that aggression 
should not be inhibited, they are more 
likely to be frustrated and feel more 
aggressive if they do not vent their 
worst feelings. If, on the other hand, 
they accept the interaction hypothesis, 
the frustration of a mean impulse is 
not nearly so likely to instigate further 
aggression. The effect of frustration 
depends on the attitude of the individ- 
uals toward their frustration as well as 
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their attitude and that of society toward 
the expression of the aggression. 

4. If there is doubt about the char- 
acter of the situation and the possible 
“ consequences, we should act on the 
basis of the interaction hypothesis. Al- 
though the expression of some feelings 
may be dissipated by their expression in 
a nontherapeutic situation, the expres- 
sion is just as likely to strengthen the 
feelinx of aggression. Laws enforced 
against lynching in the long run are 
more likely to pacify the South than 
cause serious frustration and increase 
aggression—as seems to be the result as 
this is being written. With lynching 
more effectively frustrated and the poll 
tax eliminated, Southerners can feel 
more honest as Christians and citizens in 
a democracy. Such feelings of personal 
integrity do not lead to an inverse re- 
lationship between hostility and its ex- 
pression. 

5. Finally, whether we should express 
our feelings or inhibit them should not 
be determined merely on the basis of the 
effect on ourselves. We must be guided 
also by the effect on others. Our own 
emotions do not exist apart from the 
attitudes of others. If the expression 
of aggression harms no one, it is more 
likely to help dissipate feelings than if 
others are injured. If the venting of 
our feelings hurts another, we shall be 
none the worse off by having the in- 
jurious tendencies thwarted. Repres- 
sion, as D. B. Klein (10) has pointed 
out, is not only inevitable but essential 


for individual freedom. It is essential 


for self-emancipation. 
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I. THE SOURCE OF THE PROBLEM 


A considerable amount of research on 
the effects of the characteristics of the 
task on motor behavior was performed 
during the recent war and interest in 
this field has persisted in many psycho- 
logical laboratories. Most of this work 
should be classed as applied psychologi- 
cal research. It was stimulated largely 


by requests for data from engineers and 
designers of military, aviation, and other 
types of complex equipment which re- 
quire highly skilled human operators. 
Very few of their questions concerning 


details of motor behavior could be an- 
swered on the basis of research per- 
formed prior to 1940, but a considerable 
body of data has accumulated since, most 
of it not yet published in the general lit- 
erature. The wartime research was 
chiefly designed to obtain immediate an- 
swers to specific problems in the design 


1 The possibility and potential value of ap- 
plying operational analysis and related meth- 
ods used in the study of servo systems to hu- 
man motor behavior was originally suggested 
to the writer by personnel of the Armament 
Laboratory, Air Materiel Command. 

A major purpose of this paper is to pro- 
vide a general theoretical introduction to a 
series of experiments soon to be reported from 
the Aviation Psychology Project, Indiana Uni- 
versity. This work is being performed under 
Contract with Psychology Branch, Aero Medi- 
cal Laboratory, Engineering Division, Air Ma- 
teriel Command. 

21 wish to express my appreciation for the 
cooperation of Dr. Gilbarg who made this 
article possible by clarifying my ideas con- 
cerning the mathematical aspects of opera- 
tional analysis, and who wrote the appendix 
presenting the basic equations. 


of equipment. It included the determina- 
tion of the effects of such variables as 
size, shape, and location of control 
knobs; friction, damping, and inertia of 
controls; operating radii of controls; 
and gear ratios upon the accuracy and 
speed of control movements. Post-war 
research has been concerned with similar 
variables, but it has utilized laboratory 
apparatus which provided better con- 
trol of conditions than was possible with 
the modified service equipment chiefly 
used during the war. 

As might be expected in a relatively 
new area, most of this research has been 
exploratory. The effects of stimulus 
variables (in this case, existing or con- 
ceivable design characteristics of ma- 
chines) upon response characteristics 
(accuracy, speed, frequency, latency of 
movements, etc.) were investigated some- 
times systematically, sometimes on the 
basis of more or less inspired hunches. 
In some cases data obtained in different 
experimental situations are supplemen- 
tal; in other cases there is little indica- 
tion of what factors determine appar- 
ently contradictory results. One inves- 
tigation may indicate that increasing 
the radius of a crank produces greater 
accuracy in tracking. Another investi- 
gation indicates the reverse, but the dif- 
ferences in the two situations which may 
reconcile these two results are not ap- 
parent. When such contradictions exist, 
it is obviously impossible to predict the 
effect of a given variable in a new situa- 
tion. A_ theoretical formulation is 
needed which will integrate the available 
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data and indicate what variables are 
significant, but so far, psychologists have 
not produced such a theory. Learning 
theory is too broad to be useful in this 
case since it has been concerned pri- 
marily with factors which determine the 
occurrence or nonoccurrence of a re- 
sponse and has not been extended to the 
details of response form which are im- 
portant for the design of mechanical 
equipment. 


II. THe MeEtTHOD oF OPERATIONAL 
ANALYSIS 


Although an adequate psychological 
theory has not been suggested, there is 
available a well worked out method of 
analyzing the characteristics of physical 
transmission systems which may be ap- 
plicable to certain aspects of human 
motor behavior. This method, opera- 
tional analysis, is widely used by engi- 
neers to predict the response of mechani- 
cal follow-up systems and electrical net- 
works which are too complex to allow 
the computation of the performance of 
the whole from performances of indi- 
vidual components. In this and other 
ways this method represents a direct 
parallel in engineering of the behavioral 
approach in psychology. Its basic meas- 
urements are made on the input and out- 
put of a transmission system which cor- 
respond to the stimulus and response in 
a psychological organism. The rela- 
tionships between input and output are 
the basic functions, and they may be 
investigated without reference to inter- 
vening mechanisms. 

A simple example of a transmission 


Input, 
Inpute 


Input, 
Input, 


When (complex) Input, = 
Then : 


—_——> 


—_—_—> 
—— Output, 


Input; + Input, + --- Input, 
Output, = Output; + Output, + --- Output, 


system whose response to complex in- 
puts may be predicted by means of 
operational analysis is a pendulum sus- 
pended from a support which can be 
moved horizontally. Movement of the 
support provides an input; movement of 
the bob is the output. For a particular 
pendulum the movements of the bob re- 
sulting from movements of the support 
of any complexity can be predicted with 
great accuracy on the basis of a rela- 
tively simple set of measurements. 
These consist of a determination of the 
output—the amplitude of the output 
oscillations and their phase shift (usually 
lag behind the input)—when the input 
is a series of sine form movements of a 
a wide range of frequencies. The basic 
principles involved in predicting the 
pendulum movements can be utilized 
successfully in predicting the response 
characteristics of such varied mechani- 
cal and electrical transmission systems 
as levers, vacuum tubes, amplifying net- 
works and complex servo or booster 
systems such as those used to move con- 
trol surfaces in airplanes and to com- 
pute gun leads. 

Fundamentally the principles of op- 
erational analysis are simple. The basic 
problem, as illustrated in the pendulum 
example, is the prediction of the re- 
sponse of a transmission system to a 
given, usually complex, input. The pre- 
diction is made by adding the outputs 
which the system produces in response 
to all of the components of the given 
input. The procedure involved may be 
represented as follows: 


Output; 


——+ Output, 


Output, 





OPERATIONAL ANALYSIS AND HuMAN Motor BEHAVIOR 11 


The conditions which must be satis- 
fied in order to apply operational analy- 
sis are: 


Condition 1. In any given application 
or experimental test, the components of 
the complex input must be known. 

Condition 2. The outputs of the trans- 
mission system produced separately by 
the simple inputs included as compo- 
nents of a complex input must be known. 

Condition 3. The transmission system 
must be ‘linear.’ A linear system is 
defined as one in which the outputs pro- 
duced by simple inputs are additive 
when these inputs are added as compo- 
nents of a complex input. 


For purposes of operational analysis 
complex inputs are usually broken down 
into either step function components 
(illustrated in Fig. 1) or sine wave 
components. 











TIME 


Diagrammatic presentation of a 
step-function input. 


Fic. 1. 


It is possible mathematically to con- 
struct a single-dimension input of any 
complexity by adding (or integrating) 
either step functions or sine waves of 
suitable amplitude and time or phase 
relationship. Although it is possible to 
analyze inputs into other types of com- 
ponents, the step function and sine wave 
breakdown are more generally used since 
the mathematical procedures for han- 
dling them have been most completely 
developed. The term frequency analy- 
sis is applied to the type of operational 
analysis based on sine wave components. 


It is a highly developed analytical 
method used most widely with electrical 
circuits where the transmitted inputs are 
chiefly cyclical. Analysis by means of 
step function inputs may be more con- 
venient experimentally when the com- 
plex inputs involved are slower or non- 
repetitive as in DC circuits and in cer- 
tain mechanical transmission systems. 
However, the basic conditions listed 
above must be satisfied in order to ap- 
ply operational analysis with any type 
of input breakdown. 

The first condition, knowledge of the 
components of the complex input, is re- 
quired in making specific predictions of 
outputs either for practical purposes or 
for making tests of linearity. In an in- 
put synthesized for experimental pur- 
poses the components will ordinarily be 
known. In other cases it may be neces- 
sary to determine the components of a 
given input by means of mathematical 
analysis. 

To satisfy condition two, it is neces- 
sary to provide inputs which are the 
components to be used in the analysis 
and to measure the resulting output 
when each input is presented separately. 
For frequency analysis these compo- 
nents are sine waves of a single fre- 
quency. Theoretically the response to 
all possible frequencies must be deter- 
mined, but in practice it is necessary to 
use only a limited range of frequencies. 
If the resulting output is in sine wave 
form, the output characteristics meas- 
ured are (1) output amplitude as a 
percentage of input amplitude, and (2) 
phase shift (usually a lag behind the in- 
put). For step function (transient) 
analysis a single step function is intro- 
duced into the input, and the output is 
measured as a function of time following 
the introduction of the step. 

To satisfy the third condition, line- 
arity of the transmission system, it must 
be shown that the output produced by 
superimposing two or more component 
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inputs is equal to the sum of the outputs 
obtained with each component sepa- 
rately. This implies the experimental 
verification of the unqualified hypothesis 
that outputs are additive, and as such, 
absolute proof could not be obtained 
from any finite set of experiments. Fur- 
thermore, all transmission systems are 
linear only within limits. Consequently, 
the question becomes: within what limits 
and under what conditions is the system 
linear? Again, this question can be 
answered specifically only for inputs 
and other conditions which are tested 
experimentally. In practice, this means 
that linearity or its limits will be deter- 
mined in a finite number of experiments 
sufficient to satisfy the requirements of 
the experimenter. 

A simple test of linearity under ob- 
viously limited conditions is to double 
the input to a system, or to multiply it 
by a constaat. 
will result in doubling the output or 
multiplying it by the given constant. 
More general tests of linearity will in- 
clude (a) the determination of the input- 
output functions for a step-function in- 
put or for a wide range of single fre- 
quencies as required by condition one, 
(b) the presentation of a variety of 
complex inputs, and (c) a comparison 
of the resulting outputs with those pre- 
dicted from the appropriate input com- 
ponents. For frequency analysis, a 
wave analyzer may be used to determine 
the components of the output and it 
may also be used to analyze the input 
if the complex input is not synthesized 
from controlled components. 


III. Uses oF OPERATIONAL ANALYSIS 
IN HUMAN ENGINEERING 


Operational analysis is essentially a 
method of analyzing input-output func- 
tions of transmission systems designed 
to make possible the prediction of out- 


puts when the input is known. One of 
its simplest applications is indicated in 


In a linear system this, 


the pendulum example given above; the 
characteristics of the response to com- 
plex inputs is computed on the basis of 
empirical determinations of the response 
to a limited series of single-frequency 
sine form inputs. Similarly, the fidel- 
ity with which a radio amplifier system 
will reproduce the human voice can be 
determined by measuring its response to 
a sampling of single frequencies in the 
range of frequencies included in speech. 
It may be found that a certain band of 
frequencies is amplified relatively more 
than others, producing an unbalanced 
tone or emphasizing high frequency 
static. This may be corrected by adding 
a second transmission system in the in- 
put or output circuit—a second ampli- 
fier or a filter which counteracts the 
defects of the first amplifier by reducing 
the amplitude with which the over- 
emphasized frequencies are transmitted. 

If the response of a human ‘transmis- 
sion system’ is linear as defined above, 
then operational analysis may be utilized 
in order to design certain machines 
which are controlled by human opera- 
tors. When a man operates a gunsight 
or controls the movements of an airplane 
or automobile, he may be considered as 
one transmission system component of 
a larger system which includes both 
the machine and its operator. If he 
over-responds or under-responds to cer- 
tain frequency components of the input 
(the movement of the target or the path 
he is attempting to follow), this distor- 
tion may appear in his output (the 
movements by which he controls the 
machine). 

As tracking errors or deviations from 
the path he is attempting to follow, 
these errors may have other effects. In 
operating the machine component of the 
total man-machine transmission system, 
the output of the man serves as input 
to the machine. If input frequencies 
distorted by the human operator are 
matched by similar distortions of the 
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same frequencies by the machine he op- 
erates, then his tracking or control errors 
will be magnified. This condition has 
occurred in the operation of certain ex- 
perimental computing sights: the op- 
erator’s tracking errors were magnified 
by a factor of three or more in the out- 
put of the system. This was presum- 
ably due to a matching of the frequency 
characteristics of the machine and its 
human operators such that a phenome- 
non similar to resonance occurred. It 
is obviously desirable for designers of 
such machines to know the frequency 
characteristics of potential human op- 
erators. If these characteristics can be 


determined, it may not only be possible’ 


to avoid amplifying human errors, but 
the machine may be designed so as to 
“filter out” much of this error. 

The example given above utilizes fre- 
quency analysis. There are many other 
applications of operational analysis in 
which a knowledge of the input-output 
functions of human transmission sys- 
tems can be potentially used to stabilize 
the performance of a mechanism com- 
posed of a machine and its human op- 
erator (1). 


IV. APPLICABILITY OF OPERATIONAL 
ANALYSIS TO HUMAN MorTor 
BEHAVIOR 


Operational analysis applied to human 


motor behavior has two aspects. As a 
method for predicting certain character- 
istics of the performance of human op- 
erators of machines, it is potentially a 
powerful tool in human engineering. As 
a set of assumptions concerning the re- 
lationships between certain stimulus and 
response characteristics, it is a limited 
psychological theory which must be 
verified experimentally. Fundamentally 
the difference is small. Both the practi- 
cal and theoretical value of the applica- 
tion of operational analysis to human 
behavior depend on the agreement of 
its predictions with observed data. 


The type of motor performance to 
which operational analysis is most ob- 
viously applicable is tracking or pursuit 
responses, either direct or compensatory. 
In this situation there is a specific stimu- 
lus or input and a specific response or 
output, both of which may be measured 
in terms of characteristics which are 
adapted to operational analysis. Since 
a human being, qualitatively at least, 
is considerably different from any ex- 
isting machine or electrical circuit, there 
are many factors which must be con- 
sidered in determining whether the at- 
tempt to apply operational analysis is 
worthwhile. The first reaction of many 
psychologists to the suggestion that op- 
erational analysis may be applicable at 
all to human behavior would be to ex- 
pect failure. Human behavior, in gen- 
eral, appears extremely variable and the 
determination of stable relationships be- 
tween a response and the characteristics 
of any single stimulus has been difficult. 
In operational analysis the character- 
istics of the response are predicted from 
the characteristics of a very limited 
part of the total situation which may be 
affecting the organism at the time. 
However, it is possible that in certain 
laboratory and practical situations track- 
ing behavior may be sufficiently well 
isolated by means of instructions and 
training that distracting factors may be 
ignored. This question can be answered 
only on the basis of experimental evi- 
dence. There are experiments in several 
laboratories at various stages of comple- 
tion but not yet published which indi- 
cate a very high degree of constancy in 
tracking performance. Consequently, it 
seems desirable to attempt to apply op- 
erational analysis to this limited type 
of behavior. 

The first step in applying operational 
analysis to any transmission system is 
to determine whether the system is linear 
or the limits of its linearity. The gen- 
eral procedures for doing this are indi- 
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cated above. They are the same whether 
the system is an electronic amplifier or 
a human being operating a steering 
wheel. Since the human being is ob- 
viously far more complex than any 
transmission system to which operational 
analysis has previously been applied, it 
will be necessary to test linearity for 
many variations of the complex input 
and in many different situations. The 
first question, of course, is whether the 
human being is linear in amy situation. 
Although little research has been done 
which is specifically applicable to this 
question, there are many general ob- 
servations which indicate that a human 
being has some characteristics of a linear 
system. Time-and-motion engineers, for 
example, use as a working hypothesis 
the assumption that within certain fairly 
wide limits the time required for a move- 
ment is constant regardless of its ex- 
tent. We know from general observa- 
tion and some experimental evidence 


that a human being can adjust his rate 
of movement in a pursuit task to match 
the rate of stimulus movement within 


fairly wide limits. Errors are variable 
rather than constant. In both of these 
examples multiplication of the input 
amplitude has the effect of multiplying 
the output by the same factors, indicat- 
ing that in a general way the require- 
ments for a linear system are satisfied. 

Taylor, Walker and Householder (2) 
performed an experiment in which they 
presented subjects with step-function 
target displacements of varying ampli- 
tudes. This experiment represents one 
of the simplest tests of linearity which 
may be performed with any transmis- 
sion system. It uses the step-function 
as the basic input unit for operational 
analysis. The task is a direct pursuit 
problem in which the subject manipu- 
lates a stylus to follow a point which 
moves in one dimension. The response 
to an instantaneous movement of the 
point is shown schematically in Figure 2. 








wand 


Response to a single step-function 
input. 





Fic. 2. 


A period of no response (reaction time) 
is followed by a movement, roughly sine 
form, with an amplitude approximately 
equal to the input movement. 

Taylor and his co-workers report that 
“the data indicate an approximately 
linear increase in rate of correction with 
increase in magnitude of displacement,” 
which indicates that under these condi- 
tions at least the human subjects act as 
linear systems. This is true since a step- 
function of large amplitude is in effect 
a ‘complex’ input produced by adding 
step-functions of smaller amplitude. Ac- 
cording to Taylor’s statement, the ad- 
dition of inputs results in a comparable 
addition of outputs as shown in Fig. 3. 

Tests of linearity under different con- 
ditions may be made by means of other 
complex inputs such as those shown in 
Fig. 4. 

Experimental tests of linearity using 
complex inputs such as those shown in 
Fig. 4 are in progress at Indiana Uni- 
versity. Preliminary results indicate 
close agreement with the requirements 
of linearity. 

If a human being acts as a linear sys- 
tem, it is quite possible that he may be 
a different linear system in different 
situations. This would mean that in a 
given situation, such as that presented 
in tracking by means of a hand wheel, 
his response to simple input components 
may be different from his response to 
the same simple input components in 
another situation, such as tracking by 
means of a lever, but that the output 
components obtained in each situation 
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are additive in that situation. Another 
possibility is that the human transmis- 
sion system, even though it may be 
linear, has different characteristics as a 
function of practice. This is almost 
certainly the case, but at present we do 
not know whether the processes of learn- 
ing involve a change in the way in which 
response components are combined or 
a change in the components themselves. 
If a definite answer to this practical 
problem can be obtained, it will be of 


to relatively simple stimulus input com- 
ponents. The score on such a test might 
resemble the specifications now given for 
electronic amplifiers. 


V. SuMMARY 


Recent development in military, avia- 
tion, and industrial equipment design 
has produced a need for specific infor- 
mation concerning characteristics of the 
motor behavior of the human operators 
of these machines. A_ considerable 











HG 








Fic. 3. 














Fic. 4. 


considerable importance for a theory of 
motor learning. 

Operational analysis will also be con- 
cerned with individual differences. The 
problem here is somewhat similar to one 
introduced by learning. Are the dif- 
ferences between individuals due to their 
being different non-linear systems, that 
is, systems which combine response com- 
ponents differently or are they sys- 
tems which combine different stimulus- 
response functions linearly? If it is 
found that all individuals are linear 
systems, it would be theoretically pos- 
sible to construct selection tests for cer- 
tain types of complex motor behavior on 
the basis of measurements of response 


Change in response resulting from doubling the input amplitude. 


Complex inputs analyzable into step-function components. 


amount of research has been performed 
recently on the form of motor responses 
as a function of those characteristics of 
the task which are determined by design 
of machines. To date, no conceptual 
scheme has been presented which in- 
tegrates the many isolated facts which 
have resulted from these experiments. 
This paper calls attention to a method, 
operational analysis, which has been de- 
veloped by mathematicians and engi- 
neers for the analysis of input-output 
relationships of electrical and mechani- 
cal transmission systems. This method, 
which permits the prediction of the re- 
sponse to complex inputs on the basis of 
a limited number of determinations of 
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the response to simple input components 
is potentially applicable to certain as- 
pects of human motor behavior. From 
a psychological point of view, the opera- 
tional analysis method provides a ready- 
made, limited psychological theory which 
may be verified experimentally. The 
method is a direct parallel of the stimu- 
lus-response approach in psychology, 
which is concerned with the relation- 
ships between stimuli and responses 
rather than with intervening physiologi- 
cal mechanisms. Essentially it assumes 
that the motor response to complex 
changes in a stimulus input may be pre- 
dicted from the addition or integration 
of responses of simpler components of 
thisinput. If this assumption is verified, 
aside from its value in application, it 
will provide a means for examining the 
nature of learning and individual dif- 
ferences in motor behavior. 
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APPENDIX 
BY DAVID GILBARG 


Department of Mathematics, Indiana University 


The method of operational and fre- 
quency analysis described in the body 
of this report is based on certain mathe- 
matical facts which are roughly sum- 
marized as follows: If the response of a 
linear system to certain ‘elementary’ 
stimuli or inputs is known, the response 
to any input, however complex, can be 
predicted. The purpose of this Appendix 
is to formulate these mathematical facts 
in a form in which they can be used for 
actual calculation. 

Let a system, such as the human 
operator, transform an input function, 
f(), into the output, g(t). For the 


purpose of brevity we shall state this 
symbolically in operational notation, 
T(f(t)) = g(t), where T is the ‘operator’ 
which transforms f(t) into g(t). The 
system is called linear if, for arbitrary 
inputs f:(¢) and f(t) and constants a, b, 


T(af; + bf2) = aT(fi) 
+ bT(f2) = agi + bg. (1) 


where g;(¢), g2(t) are the outputs corre- 
sponding to fi(t), fo(t). We shall de- 
mand, in addition, of the linear system, 
that if f(t, w) is a family of inputs de- 
pending on the parameter w (e.g., a 
family of sine waves, sin wt, of different 
frequencies), then, 


r( fr a(w) f(t,w)dw ) 


- f  a(w) Tf (t,w))dw 


= [7 ocwrete sepa (2) 


where 
T(f(t,w)) = g(t,w). 


The two classes of ‘elementary’ inputs 
most frequently used in analyzing linear 
systems are (1) the sine waves and (2) 
the step functions. The analysis based 
on these two classes is discussed here. 

Let F(t) be an arbitrary input func- 
tion. If F(t) satisfies certain general 
mathematical conditions, it is possible 
to express it as an integral sum of sines 
and cosines by means of the Fourier 
integral theorem® as follows: 

Let 
.fe 
a(w) 4 | F(x) sin wx dx, 
—2 
1 +0 
b(w) = ra F(x) cos wx dx; 
v —2 
then, 


F(t) = f (a(w) sin wt 
+ b(w) coswt)dw. (3) 


3 See, for example, R. Courant, Differential 
and integral calculus, New York: Blackie & 
Son, 1937, Vol. 2, p. 318 ff. 


eye © ee ee ee ee 
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It follows from the linearity of the opera- 
tor, as expressed in equation (2), that 


T(F(t)) = f (a(w) T(sin wt) 
+ b(w)T(cos wt))dw. (4) 


Thus, if the responses 7 (sin wt), T(cos wt) 
are known for every value of w, the out- 
put 7(F(t)) can be calculated by means 
of this equation. 

If F(t) happens to be a periodic func- 
tion of period 7, then the above method 
of the Fourier integral simplifies to 
analysis in terms of harmonic com- 
ponents. We have, in this case,‘ 


F(t) = ao + 
ed 2 t 
, ( a, sin pa + b, cos nan ), (5) 
T e 4 


? +T 2 4 
=f F(x) sin —— d 
2 +r ? 
=f F(x) cos 

T Jae 


TD iu 
ayo = - f F(x)dx, 
* I 


and the response to F(t) is 
T(F(t)) = T(ao) 
2 2 
+> ( anT ( sin arm ) 
- 


n=1 


+ b,T ( cos aoet )): (6) 
T 


‘See, for example, R. Courant, Differential 
and integral calculus, New York: Blackie & 
Son, 1937, Vol. 1, p. 437 ff. 


Hence, if the outputs to all harmonics are 
known, the response to F(t) can be cal- 
culated by means of this sum. 

If the basis of the analysis is to be the 
response to step-functions, the procedure 
is as follows: Let u(t) represent the unit 
step-function, 


u(t) = 0,t <0 
= 1,¢> 0. 


Let A(t) = T(u(t)) be the response to 
the unit step input. It will te assumed 
that, if the step input is applied at ¢ = 7, 
the response is simply displaced by the 
amount 7, #.e., T(u(t — r)) = A(t — 7). 
Now consider any input function F(é), 
then the response of the linear system is 
given by® 


T(F(t)) = F(O)A(t) 


+ | hers A(t —r)dr. (7) 
‘ dr 


Thus, if the response to the unit step 
function is known, the right hand side 
can be calculated for any input F(é), 
and the output determined. 

The formulas (3), (6), and (7) are the 
means of predicting the response of a 
linear system to any input, (3) and (6) 
using the response to sine waves as basis, 
and (7) the response to a step function. 
The two methods are equivalent when 
they are both valid. 


[MS. received May 11, 1948] 


5See, for example, T. von Karman and 
N. A. Biot, Mathematical methods in engineer- 
ing, New York: McGraw-Hill, 1940, p. 403. 
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THE FUNCTION OF THE FRONTAL CORTEX 


BY WALTER C. STANLEY AND JULIAN JAYNES 


Yale University 


I. INTRODUCTION 


Since Phineas P. Gage walked about 
exhibiting the crowbar which had passed 
through his brain, there has developed 
a vast clinical literature on the frontal 
region of the cerebral cortex. It has 
been in the last two decades, however, 
that the more precise experimental tech- 
niques of the laboratory have been ap- 
plied to the problem of frontal cortex 
function. These recent applications of 
laboratory methods have extended our 
knowledge concerning the frontal corti- 
cal areas along two main lines. Firstly, 
neurophysiological techniques have dis- 
closed hitherto unsuspected autonomic 
control centers in this cortex, suggest- 
ing that the frontal region constitutes 
the projection area of the visceral- 
autonomic system. Secondly, psycho- 
logical analyses aiming at more precise 
and objective definitions of the behav- 
ioral sequelae of frontal lobe destruc- 
tion have revealed a considerable num- 
ber of diverse and apparently unrelated 
forms of behavioral changes, among 
which the failure of the frontal primate 
to perform adequately in the delayed 
reaction problem has received the most 
attention. 

It is the objective of this paper to 
review the evidence and then to propose 
a theory of frontal cortex function. For 
the sake of clarity and orientation, we 
shall precede our review with a descrip- 
tion of the neural structure of the frontal 
region. Then we shall review both lines 
of evidence—the neurophysiological and 
the behavioral. A detailed elaboration 
of our hypothesis of cortical act-inhibi- 
tion will follow, the delayed reaction 
problem being used as a model. Finally, 
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we shall interpret the behavioral evi- 
dence in terms of our hypothesis. 


THE FRONTAL REGION AND AREAL 
DIFFERENTIATION 


II. 


For man and monkey the frontal re- 
gion ' is that section of the cerebral cor- 
tex lying rostral to the electrically 
excitable precentral motor cortex and 
the frontal eye fields. It is distinguish- 
able from more caudal sectors by the 
presence of prominent granular layers 
made up of closely packed, small-sized 
cell bodies. Variations in cell size, den- 
sity, myelin patterns and other struc- 
tural characteristics have led investi- 
gaiors to map this region into a number 
of ‘architectural’ areas. 

These areas do not have clear-cut 
boundaries when viewed microscopically, 
but tend rather to blend into one an- 
other (3). Accordingly, the final prod- 
ucts of cortical mappers are not in agree- 
ment with one another, either in num- 
ber or boundaries of areas denoted. For 
the monkey, however, there has re- 
cently become available a scholarly re- 
search concerning areal differentiation 
—von Bonin and Bailey’s monograph, 
The Neocortex of Macaca Mulatta. On 
the basis of its cytoarchitecture (cell 
structure), they divided the macaque’s 
frontal cortex as is shown in Fig. 1. 
The frontal region whose functions will 
be examined in this paper is comprised 
of FD and FDA on the lateral surface 
of the hemisphere, FL and LA on its 
medial aspect, and FF on its inferior or 
orbital portion. For purposes of com- 
parison the widely used areal demarca- 
tions of Brodmann and of Walker (38) 


1 Also referred to as the prefrontal region 
or the frontal association areas. 
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Fic. 1. Cytoarchitectural areas in the fron- 
tal cortex of Macaca mulatta as differentiated 
by von Bonin and Bailey (3). (Redrawn 
from a complete color map with the permis- 
sion of the authors and publishers.) 


are indicated in Fig. 2. Occasional ref- 
erence to Fig. 2 will be necessary to 
clarify the neurosurgery which has been 
guided by either Brodmann’s or Walker’s 
notations. 

As the main purpose of this paper is 
to correlate function with structure, 
there are certain difficulties inherent in 
the process of cortical mapping which 
must be recognized at the outset. We 
shall note five of these difficulties. 


1. Methodological limitations. The 
staining and degeneration methods in 
present use when applied to a particular 
locus of the cortex are limited in that 
only a fraction of the diverse neural 
structures present are delineated, leaving 
gaps to be filled in by the investigator. 


Interpretation becomes necessary to de- 
scribe the structure adequately. This 
necessity for interpretation is in con- 
trast to the usual thing in biology where 
there is no doubt about structure. 

2. Lack of a behavioral check for 
many cortical areas. Unlike regions 
such as the motor area, large expanses 
of the frontal cortex have yielded no 
observable effector activity, ruling out 
a direct behavioral check of its function. 

3. Difficulty of finding homologous 
areas in different species. When study- 
ing the effects of discretely placed le- 
sions in the frontal cortex of one pri- 
mate, with how much justification can 
we generalize to the homologous areas 
of other primates, including man? The 
degree of justification for generaliza- 
tion from one species to another depends 
upon the precision of our criteria for 
homology. Von Bonin (2) urges the 
use of thalamic radiations, defining, for 
example, the frontal sector by virtue of 
its connections with the dorsomedial 
nucleus of the thalamus, and restricts 
this criterion of homology to primates. 
But even in primates, studies of this sort 
are incomplete at the present time. 

4. Difficulty of individual variation 
within the same species. Lashley and 
Clark (24) have recently found that in 
infrahuman primates, intraspecies’ varia- 
tions in cortical structure are compa- 
rable to interspecies’ variations. This 
finding casts doubt on our ability to 
generalize from one member’s areal dif- 
ferentiation to that of another member 
of the same species among the primates. 

5. Structural vs. functional homology. 
Even if we demonstrate the structural 
homology of a cortical locus in two or 
more members of the same species, this 
does not necessarily imply a parallel 
functional homology. Individual differ- 
ences in learning may weave the same 
neural segments into differing behavioral 
patterns. Topological homology is not 
equivalent to behavioral homology. 
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Fic. 2. 


compared with Brodmann’s map of Cercopithecus 





A. E. Walker's cytoarchitectural map of the prefrontal lobe of Macaca mulatta (left) 


(right). The numerical designations in 


Walker’s map are derived from Brodmann’s designations of comparable areas in the human 
cerebral cortex and hence do not necessarily have anything in common with Brodmann and 


Vogt’s designations for the monkey. 
mission of the authors and publishers.) 


Such difficulties as the foregoing have 
made it necessary to regard the factual 
material on cortical structure as incom- 
plete. This incompleteness of knowledge 
as to structure is more than matched by 
the incompleteness of knowledge as to 
function. No final statemént correlating 
cortical structure and function is possi- 
ble at this time, and it may be, as many 
argue, that no really discrete localization 
of function exists in the sense com- 
monly defined. In the review of the 
evidence which follows, therefore, we 
shall postulate an hypothesis which ap- 
pears most applicable to the diverse ex- 
perimental findings. We turn first to an 
examination of the evidence. 


IIT. 
A. Physiology of the Frontal Cortex 


1. Autonomic functions. The orbital 
surface of the frontal lobe and LA on 
the medial aspect of the hemisphere play 
a prominent rdle in autonomic control. 
This conclusion, which implies that the 
frontal region constitutes the region of 


EXPERIMENTAL FINDINGS 


(Reproduced from Ruch and Shenkin, 32, with the per- 


integrated autonomic representation in 
the cortex, is supported by the physio- 
logical changes which have been ob- 
served following artificial stimulation or 
surgical destruction of this cortex. 

Turning first to the orbital surface of 
the frontal lobe, excitation of FF 
(Walker’s area 13) arrests respiratory 
movements and may elevate or depress 
blood pressure (1, 7, 36). Rapid rises 
in temperature of the extremities follow 
mechanical, thermal, or electrical stimu- 
lation of the orbital surface (7).  Bi- 
lateral ablation of FF also affects body 
temperature, its excision introducing a 
chronic elevation of the temperature of 
the extremities (6, 7). 

Respiratory effects also have been ob- 
tained from excitation of FD cortex 
lying within two or three mm. of the 
orbital cortex, suggesting that this ad- 
joining FD cortex may be functionally 
related to the latter (7). Working on 
an analogous region in the cortex of the 
dog, Delgado and Livingston (7) fur- 
ther reported the interesting finding that 
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the effect of stimulation on the respira- 
tory process was an inverse function of 
the frequency of the exciting current, 
one with a frequency of 180 per second 
producing no effect and one of six per 
second producing an arrest of respira- 
tory function. This suggests that the 
physical characteristics of artificial ex- 
citation may account for the ‘silence’ of 
much of the frontal cortex rather than 
a fundamental inertness, a possibility 
noted a decade ago by Penfield (30). 

The medial part of the orbital cortex 
is only now beginning to receive atten- 
tion. Preliminary reports from Fulton’s 
laboratory indicate that this section of 
FD and FL cortex (Walker’s area 14) 
may have functions similar to those 
found for FF (11, 12). In this medial 
portion, however, the threshold for ob- 
taining respiratory and blood pressure 
changes is higher. Following ablation 
of this area, sham rage has developed 
(11, 12). 

The autonomic manifestations ensuing 


upon either stimulation or excision of 
the orbital surface imply a tie-up of 
this cortical region with hypothalamic 


nuclei. This possibility was confirmed 
by recent findings with what is called 
the method of physiological neuronogra- 
phy, a process perfected by the late 
Dusser de Barenne. When a piece of 
filter paper moistened with strychnine 
sulphate is placed on one cortical locus, 
electrical activity, ‘strychnine spikes,’ 
occurring at certain other loci may be 
recorded. The presence of such strych- 
nine spikes is taken to mean that direct 
connections, without intervening synap- 
ses, exist between the site strychninized 
and the site where the spike was re- 
corded. Ward and McCulloch (40) re- 
corded such spikes in several of the hy- 
pothalamic nuclei following strychnine 
excitation of points in the frontal region. 

Excitation of the rostral portion of 
LA, as is the case with FF, causes a 
number of autonomic reactions (34, 39). 


But in contrast to the discrete character 
of the reactions following probing in 
the orbital gyri, stimulation of LA has 
yielded ‘organized’ reactions. W. K. 
Smith stated that this organized emo- 
tional pattern was “characterized by 
opening of the eyes, dilatation of the 
pupils, changes in facial expression, al- 
terations in the respiratory movements, 
changes in the cardiovascular apparatus, 
vocalization, and piloerection” (34, p. 
254). Ward’s study (39) confirmed 
Smith’s findings, but because Ward kept 
his animals under deeper anesthesia, the 
responses observed were of a discrete, 
less integrated type. Vocalization, for 
example, was not evoked. 

Ablation of LA is followed by pro- 
found alterations in the total behavior 
of monkeys. These will be described in 
the behavioral section of this article. 

2. Suppressor function. In addition 
to subserving autonomic functions, LA 
is one of the five suppressor areas, 
strychninization of which has a dramatic 
inhibiting effect on several manifesta- 
tions of cortical function. Direct me- 
chanical or chemical stimulation of LA 
produces relaxation of all the striate 
musculature, raises the threshold of the 
precentral motor cortex, and reduces or 
disrupts the after-discharge* of the 
motor cortex (34, 39). The suppressor 
effect is so powerful that experimental 
convulsions produced by intense shock- 
ing of the cortex are halted or greatly 
reduced. Even the knee jerk cannot 
be evoked. Finally, such direct stimu- 
lation of a suppressor area depresses the 
EEG in other regions of the cortex from 
four to 30 minutes after stimulation, 
depending upon the distance from the 
locus of the excitation (25). 

Although the four other suppressor 
areas (8, 4s, 2, and 19) have not been 
as completely investigated as has LA, it 


2 After-discharge refers to the continuation 
of firing in neurons after cessation of the 
stimulus. 
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is most interesting to note that they, as 
well as LA, fire McCulloch’s area 32 
(26), an area which von Bonin and 
Bailey described as the caudal part of 
FD on the medial surface. There cer- 
tainly is a strong indication in this find- 
ing as well as those listed in the pre- 
ceding paragraph that a full study of 
the suppressor function is prerequisite 
to an understanding of frontal cortex 
function and the integrative action of 
the nervous system. 


B. Behavior and the Frontal Cortex 


The behavioral effects of frontal lobec- 
tomy * in the infrahuman primate, par- 
ticularly as they have been studied in 
the monkey, can be listed under eight 
headings: hypermotility, increased food 
intake, alterations in ‘emotional and 
social’ behavior, poor habit reversal 
ability, failure of seriatim problems, 
failure of multiple-stick-and-platform 
tests, failure of conditional reaction 


problems, and failure of delayed reaction 
problems. 


1. Hypermotility. Bilateral ablation 
of the frontal region usually results in 
marked hypermotility in monkeys (29). 
They pace back and forth in their cages. 
Not infrequently, however, such frontal 
animals have failed to display this 
hyperactivity, sometimes even showing 
marked inertia instead. 

Attempts at precise localization of the 
destruction producing hypermotility have 
not yielded clear-cut results. It seems 
that destruction of a number of different 
areas within the frontal region may lead 
to this result. There are two main find- 
ings on this matter. Firstly, in 1943, 
Ruch and Shenkin (32) found hyper- 
motility following bilateral ablation of 
FF (Walker’s area 13) in four macaque 
monkeys, and reported no comparable 
effects following lesions in other parts 


3 Unless otherwise specified, the surgery in- 
volved bilateral destruction of the frontal 
region. 
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of the frontal cortex. More recently, 
Fulton, Livingston, and Davis (14) 
obtained the same result. A second set 
of findings failed to confirm _ this. 
Mettler (28), in 1944, reported that 
bilateral ablation of FF failed to pro- 
duce hypermotility in one monkey. In- 
stead, he observed hypermotility fol- 
lowing bilateral ablation of either a part 
of FD (Brodmann’s area 9) or FB (the 
premotor area). Mettler’s study was in 
agreement with an earlier finding by 
Richter and Hines (31). 

Vision seems to play a major rdle in 
the sensory control of hypermotility. 
Kennard, Spencer, and Fountain (21) 
found that enucleation of the eyes, oc- 
cipital lesions, or simply darkness mark- 
edly reduced the total amount of activ- 
ity in monkeys. 

2. Increased food intake (hvyper- 
phagia). An increase in food intake 
has been reported by many researchers 
for many animals (29). That this 
phenomenon may not represent an in- 
crease in hunger drive is suggested by 
Kliiver’s simple observation (22). He 
fed grapes to a bilateral frontal monkey. 
If a second grape was offered before the 
first was carried to the mouth, the 
monkey dropped the first grape and took 
the second, and so on until the floor was 
littered with dropped grapes and the 
animal had not eaten a single grape. 

3. Alterations in emotional and social 
behavior. In a much-quoted experiment 
(20) Jacobsen, Wolfe, and Jackson 
found two frontal chimps (highly ex- 
citable animals before bilateral ablation 
of the frontal region) persisting benignly 
in the face of repeated failure of the 
delayed reaction test.* Even more dra- 
matic, however, are the observations re- 
ported by Ward in his study described 


*It was a preliminary report (13) of this 
research at the International Neurological 
Congress in London which excited Moniz and 
sent him back to Portugal with an enthusiasm 
which culminated in the first frontal lobotomy. 
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above. Upon either unilateral or bi- 
lateral ablation of the cingular gyrus 
(LA) in four monkeys, there ensued a 
profound change in the animals’ emo- 
tional and social behavior. Ward sum- 
marized his observations in the following 
words: 


“Immediately following unilateral or bi- 
lateral subpial resection of the rostral cin- 
gular gyrus, the most marked change was 
in social behavior. The monkey’s mimetic 
activity decreased and it lost its preopera- 
tive shyness and fear of man. It would 
approach me and curiously examine my 
finger instead of cowering in the far corner 
of the cage. It was more inquisitive than 
the normal monkey of the same age. In 
a large cage with other monkeys of the 
same size it showed no grooming or acts 
of affection toward its companions. In 
fact, it behaved as though they were inani- 
mate. It would walk over them, walk on 
them if they happened to be in the way, 
and would even sit on them. It would 
openly take food from its companions and 
appeared surprised when they retaliated, 
yet this never led to a fight for it was 
neither pugnacious nor even aggressive, 
seeming merely to have lost its ‘social 
conscience’ ” (39, p. 15). 


4. Difficulty in habit reversal. A 
situation in which one of two alternative 
responses is ‘correct’ for a series of trials, 
following which the other becomes the 
correct response requiring the animal 
to reverse his previous habit, is denoted 
by the term habit reversal. The habit 
reversal situation may be continued, 
first one response being correct and then 
the other. Settlage, Zable, and Harlow 
(33) showed that a frontal animal’s 
ability to reverse is seriously impaired. 
They employed a discrimination pro- 
cedure involving delayed reaction. The 
subject first manipulated a sample ob- 
ject. A screen is then lowered and 
raised after a short delay, allowing the 
animal to choose one of two test objects. 
Choice of the test object could be made 
to depend on its position, regardless of 


similarity to the sample object, or on 
its resemblance or non-resemblance to 
the sample object, irrespective of posi- 
tion. These four possibilities of choice, 
i.e., left, right, same, different object, 
were learned successively by the mon- 
keys, the frontal preparations differing 
significantly from normals in the num- 
ber of non-reinforced trials required to 
produce a shift of choice. The operated 
animals displayed a marked persevera- 
tion of the non-reinforced habit as con- 
trasted with the ease of habit shift in 
normal monkeys. 

5. Poor performance on seriatim prob- 
lems. Jacobsen’s monkeys (15, 17) 
were trained to open boxes containing 
food. Two types of boxes were used: a 
simple type requiring only one manipula- 
tion to open, e.g., pulling a rope, pulling 
a rod, or turning a crank; and a more 
complex combination box in which a 
rope, rod, and crank had to be operated 
in order to open the box. In the laiter 
a complication in structure made it 
necessary for the animal to turn the 
crank last, although it did not matter 
whether the rope or the rod was pulled 
first. This imposed an order of per- 
formance on the act of opening the box 
which made of the task a seriatim prob- 
lem. The performance of the experi- 
mental animals was distinguished by a 
‘tendency to persevere’ on one of the 
manipulanda. Wrote Jacobsen: 


“The deficiency was in the nature of a 
loss of the mode of attack on this particu- 
lar box, since the animal exhibited a tend- 
ency to persevere on one of the latches 
which had already been opened. This type 
of behavior was characteristic of those ani- 
mals which failed to open this box, and 
had not been shown by animal D previous 
to the frontal operation” (15, p. 298). 


6. Poor performance on the multiple- 


stick-and-platform problem. If a stick 
is placed on a platform just outside a 
chimpanzee’s cage, he will quickly learn 
to use it to rake in food which is placed 
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out of his reach. Jacobsen et al. (20) 
complicated this task by introducing two 
platforms and shorter sticks to be used 
in raking in longer ones, thereby forcing 
the animal to rake in a stick, walk to 
the other platform, rake in a longer 
stick, and so forth till one long enough 
to reach the food was raked in. As long 
as the requisite sticks were on one plat- 
form, the operated chimpanzees suc- 
ceeded in obtaining the food by this 
method. However, when sticks on both 
platforms had to be utilized, the animal 
failed to solve the problem, except occa- 
sionally by chance manipulation of the 
sticks. With similar, but not identical, 
tests Warden, Barrera, and Galt (41) 
obtained comparable failures in three 
monkeys after bilateral extirpation of 
the frontal cortex. However, one of 
these monkeys displayed a complete 
recovery of function when tested twenty 
weeks after the operation, a finding un- 
accounted for in terms of amount of tis- 
sue removed or differential training. 

7. Poor performance on the condi- 
tional reaction problem. ‘Conditional 
reaction’ is a term that Lashley (23) 
applied to a type of discrimination prob- 
lem. In this type of problem, which of 
two stimuli is the positive one is de- 
termined, or conditional upon, some 
other aspect of the stimulus situation 
(such as the color of the background if 
the two stimuli are black and white 
cards). Warden, Barrera, and Galt 
(41) working with monkeys, used black 
and white stimulus patches of various 
geometric patterns. When the black 
and white patches were small, the ani- 
mal was to respond to bjack to get food; 
when they were large, it was to respond 
to the white stimulus patch. Normal 
animals learned the problem. But fol- 
lowing bilateral ablation of the frontal 
poles, the animals failed to relearn the 
problem in a thousand trials. 

8. Poor performance in delayed reac- 
tion problems. The delayed reaction 


situation is comparable to the condi- 
tional reaction problem in that a third 
factor determines which of two stimuli is 
the correct one. But the nature of this 
third factor differs in the two situations. 
In the conditional reaction, it is part of 
the external stimulus configuration pres- 
ent at the time of the response; whereas 
in the delayed reaction, it is an event 
happening at a previous time. 

There are two variants of the delayed 
reaction problem: the direct and the in- 
direct method. In the former the ani- 
mal is allowed to watch the experimenter 
bait one of two inverted cups with food. 
Then the subject is prevented from 
responding by the lowering of an opaque 
screen. Following a period of short 
duration, the screen is raised and the 
animal is allowed to make its choice. 
In the indirect method the situation is 
similar except that the animal’s re- 
sponse in the initial presentation of 
stimuli is not one based upon the 
strongly established habit of responding 
to some food, but upon some habit ac- 
quired in the experimental situation in 
which a light or some other stimulus 
signals the correct side by its position. 
The test trials in the two methods are 
identical. If the animal chooses the cor- 
rect food container, reinforcement fol- 
lows; if it chooses the wrong one, no 
reward follows and correction is not 
allowed. 

Utilizing the direct method Jacobsen 
(17) found that normal monkeys could 
delay sometimes as long as two minutes. 
Bilateral frontal lobectomy, however, 
not only abolished this response, but 
rendered the animal incapable of re- 
learning it. At best, Jacobsen’s three 
operated monkeys could delay only for 
a few seconds. Visual discriminations 
of size, shape, and brightness, on the 
other hand, which originally required 
more trials to learn than did the de- 
layed reaction, were retained with no 
apparent loss and could be learned for 
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the first time by frontal animals. Pri- 
mates in which various other areas of 
the cortex were destroyed have per- 
formed the delayed reaction postopera- 
tively without any measurable loss (4, 
18, 19), as have animals with only 
unilateral lesions of the frontal region 
(17). Significantly, subtotal lesions in 
the tips of the frontal lobes decreased 
the period which the animal could delay, 
but did not erase the habit completely. 
From this evidence we may conclude 
that the frontal region is necessary for 
good performance in the delayed reac- 
tion test. 

However, further experimentation has 
shown that the failure of the frontal ani- 
mal in the delayed reaction test does 
not represent the complete loss of a 
function. The performance of operated 
primates has been found better under 
the following four conditions.* ° 


a. Increasing the time since operation. 
Campbell and Harlow (5), testing two 
monkeys 36 months postoperatively 
found delays up to 20 seconds, as con- 
trasted with the inability of Jacobsen’s 
animals to delay for even a few seconds. 

b. Increasing time between trials. 
Spaet and Harlow (35) reported that 
a frontal baboon performed on a chance 


5 Finan (9) allowed his animals to walk up 
to the food container and actually eat a 
banana instead of merely allowing them to 
watch the experimenter bait the correct cup. 
With this pre-delay run,-one of Finan’s mon- 
keys was able to delay successfully for 15 
seconds. In our estimation, the reinforced 
pre-delay run makes the situation more like a 
one-trial discrimination problem than like the 
usual delayed reaction problem. We there- 
fore have not listed Finan’s technique as a 
method of bettering the performance of fron- 
tal animals in delayed reaction tests. 

6In a recent paper given at the APA Con- 
vention in Boston (Amer. Psychologist, 1948, 
3, 237-238), Blum has reported one-minute 
and four-minute delays in two frontal chim- 
panzees in a delayed reaction experiment 
which partially duplicated Jacobsen’s methods. 
These results cannot be evaluated until a full 
report of the research becomes available. 


basis with delays over five seconds when 
it was given a daily session of 25 trials. 
But when only one trial per day was 
given, this same animal attained a score 
of 90 per cent with 15- and 30-second 
delays. 

c. Decreasing extraneous stimulation. 
Malmo (27) used the indirect method in 
which a light signalled the correct choice. 
When the tests were carried out with 
reduced room illumination, two frontal 
animals did significantly better in 10- 
second delayed reaction tests than they 
did when the room was illuminated in a 
conventional manner. 

d. Barbiturate administration. Wade 
(37) gave two frontal macaque monkeys 
intraperitoneal injections of nembutal or 
dial, and found that the narcotized ani- 
mals scored reliably above chance up to 
25 seconds; whereas without drugs 
“their scores were not reliably above 
chance even at the 5 second delay.” 


This is the evidence. Let us assume 
that these eight phenomena are not 
eight separate losses of function, but 
rather that they represent a single defi- 
cit. In other words, what do these eight 
listings of behavior change following 
bilateral ablation of the frontal region 
have in common? In studying this 
question we have found the discussion of 
Harlow and his co-workers (33, 35) ex- 
tremely suggestive. Essentially, what 
we do is to postulate a behavioral func- 
tion of ‘cortical act-inhibition,’ find a 
neurological substrate for this construct, 
and then interpret the evidence in the 
light of this hypothesis. We shall pre- 
sent our hypothesis through an analysis 
of the delayed reaction situation. 


III. STATEMENT OF THE HYPOTHESIS 


Our hypothesis of cortical act-inhibi- 
tion can be stated most clearly by con- 
trasting the discrimination problem with 
the delayed reaction situation. 

In the discrimination problem the ani- 
mal learns to approach the positive 
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stimulus and to avoid the negative 
stimulus. The animal with or without 
the frontal cortex can learn this prob- 
lem with ease. What additional re- 
quirement is present in the delayed re- 
action problem such that frontal ani- 
mals have difficulty with it? What are 
the components of the total delayed re- 
action situation? 

In the delayed reaction situation, the 
animal has learned to approach both 
stimuli. Thus the animal has two ap- 
proach responses which are approxi- 
mately equal and unchanging in their 
habit-strengths. The problem here is 
one of performance, not of learning as 
has been previously thought. In order 
to get food on any given trial, the ani- 
mal must approach one of the stimuli 
because of some event which happened 
previously to it. The important thing 
is that this requires the inhibition of 
the approach response to the other 
stimulus on that trial. A well estab- 
lished habit is thus by some means not 
allowed to manifest itself in behavior. 
It is this sort of inhibition which the 
frontal animal seems incapable of doing, 
as evidenced by its failure on the de- 
layed reaction problem. 

This inhibition we call act-inhibition 
because it is not the inhibition of iso- 
lated muscle reactions but rather the 
inhibition of an entire response-sequence. 
We call it cortical because we believe its 
locus of function is in the cortex. More 
specifically, we conceive its neurophysio- 
logical mechanism to be suppression. 

How could the suppressor areas enter 
into the normal primate’s performance 
in the delayed reaction problem? We 
have two presumably identical cups, 
different only because they occupy dif- 
ferent locations. Call R, the approach 
response to the incorrect cup, and R, 
the approach response to the correct 
cup. In placing the food under the cup 
before the delay in full view of the mon- 
key, a ‘suppressor mechanism’ is acti- 
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vated so that after the delay, R, will be 
inhibited and R, will occur. By the in- 
hibition of R, we mean that the ef- 
ferent units for R, to occur when the 
monkey looks at the wrong cup are 
temporarily rendered inert despite ex- 
citations from the sensory cortex. 

The neural substrate of cortical act- 
inhibition is a spatio-temporal pattern 
of suppressor impulses which act on dis- 
crete foci of the cortex, rendering such 
foci temporarily inexcitable. Thus, what 
has been termed on the psychological 
level of discourse cortical act-inhibition 
is on the neurological level the raising 
of the synaptic threshold of those neural 
units necessary for the execution of an 
observable response-pattern. 

Theoretically the limiting aspect of 
the delay that an animal may display 
in the delayed reaction test implies 
a disappearance of inhibitory impulse 
patterns from the suppressor areas. 
After an extended period, the incorrect 
response is not inhibited. Both re- 
sponses are therefore of equal excitatory 
strengths, and right and wrong approach 
patterns manifest themselves on a 
chance basis. 

How does ablation of the frontal re- 
gion account for lack of act-inhibition 
as is shown by the frontal animal’s fail- 
ure in the delayed reaction test? There 
are three possible answers to this ques- 
tion. 


1. Encroachment upon LA alone. As 
we have noted, the rostral portion of LA 
is the most powerful of the suppressor 
areas and lies well within the frontal 
region proper. In the common frontal 
lobectomy, therefore, either direct en- 
croachment upon LA or the severing of 
its connections occurs, thereby interfer- 
ing with the cortical suppressor mecha- 
nism and cortical act-inhibition. 

2. Disruption of an organizational 
region for LA. Just as the premotor 
area is regarded as an organization area 
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firing into the motor area, we may re- 
gard the frontal areas as an organiza- 
tional region for the suppression which 
is the neural basis of act-inhibition, 
firing into LA. And from this hypoth- 
esis it follows that surgical removal of 
parts of the frontal cortex should im- 
pair a primate’s ability to delay suc- 
cessfully because such an _ operation 
would disrupt the neural substrate of 
act-inhibition. This hypothesis would 
explain the seeming unresponsiveness of 
large expanses of the frontal areas to 
faradic stimulation. It is not that the 
frontal areas other than LA and FF are 
inexcitable by artificial stimulation, but 
rather that the cortical response to such 
stimulation is of an ‘organizational’ sup- 
pressor nature; the behavioral effects 
of faradic stimulation in these areas, 
namely, act-inhibition, could therefore 
only be observed if the animal were 
behaving at the time.’ Evidence for 
this second hypothesis is found in the 
work of Jacobsen (17). He observed 
a partial disruption of the ability to de- 
lay when the lesion was subtotal and 
anterior to the LA cortex. 

3. Disruption of a cortical suppressor 
mechanism involving all the suppressor 
strips and the medial FD cortex. A 
third possible answer to our question is 
that LA with the other suppressor strips 
and the medial FD cortex (McCulloch’s 
area 32) act as a cortical system of sup- 
pression wherein mass action and pos- 
sibly equipotentiality obtain. This me- 
dial FD cortex is unique in that it is 
the only cortical locus fired by all the 
suppressor areas, although it is not a 

7 Paradic stimulation of the cortex in spatio- 
temporal patterns seems to us to be an ex- 
tremely promising but entirely neglected field 
of study. All of the work of this nature so 
far has been discrete point excitation, and 
thereby the more complex functions of the 
cortex have been overlooked. Studying the 
suppressor areas, the frontal poles, and in- 
deed any of the cortical sectors with electrical 
stimulation which is spatio-temporally pat- 
terned would probably be very interesting. 


suppressor band itself. It lies forward 
in the frontal cortex, being directly 
rostral to and adjoining LA. This posi- 
tion makes highly probable its destruc- 
tion by Jacobsen’s subtotal lesion. 
Therefore, this third hypothesis, as well 
as the second view, could account for 
the shortening of delay with subtotal 
lesions of the frontal region. 

Moreover, if such a suppressor system 
as we have just outlined exists, the dis- 
tribution of the individual suppressor 
areas over the cortex suggests only a 
partial equipotentiality of function 
within the system as a whole. We may 
assume that the rostral cortex relates 
more to the motor or efferent aspects 
of behavior and the caudal cortex relates 
more to the sensory or afferent aspects 
of behavior. Thus it would seem prob- 
able that the two suppressor bands 
which lie in the sensory cortex have 
more to do with the inhibition involved 
in perception and attention, while the 
three rostral suppressor areas have more 
to do with the mediation of the cortical 
act-inhibition involved in motor re- 
sponses. 

Which of these three hypotheses is 
the correct one is a question which must 
be answered by further experiment. 
For instance, it would be interesting to 
know whether lesions discretely localized 
in other suppressor areas would produce 
disruption of cortical act-inhibition (e.g., 
failure in the delayed reaction test) 
in proportion to the mass of suppressor 
tissue destroyed. 


V. INTERPRETATION OF THE EVIDENCE 


Previously we listed eight effects of 
bilateral ablation of the frontal region 
in primates. It now remains to interpret 
these effects in the light of our hypothe- 
sis of cortical act-inhibition. 

1. Hypermotility. The habit of being 
motile in response to light is strongly 
learned in primates, including man. 
This is borne out by the appearance of 
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day-night cycles in these organisms 
sometime after birth. However, in the 
unoperated animal mere activity as a 
response to light does not often occur 
because it is inhibited, allowing thereby 
the evocation of more adaptive responses 
by more specific stimuli than light. In 
the frontal animal, since act-inhibition 
is presumably impaired, there should 
be a marked increase of activity in the 
presence of light. This is what occurs. 
Moreover, if it is light which is the 
stimulus, its elimination should eradicate 
hypermotility. This has been confirmed 
by Kennard et al. (see page 22 above) 
in a study reporting that peripherally or 
centrally blinded frontal animals failed 
to show increased activity. 

It follows from the foregoing interpre- 
tation that entirely nocturnal mammals, 
active in the dark, should learn strongly 
the habit of being motile in the dark. 
Accordingly, we predict that extirpation 
of the frontal region in such nocturnal 
animals should produce hyperactivity in 
the dark, and a reduction of activity in 
the presence of day-light. No data are 
available concerning the validity of this 
prediction. 

2. Increased food intake. Eating is 
a response that has been cued to the 
stimulus of food through learning. In 
the normal animal, this response of eat- 
ing is inhibited when stimuli via the 
vagus indicate a full stomach. In the 
frontal animal the neural suppressor 
mechanism is impaired and it becomes 
difficult for inhibition of eating to occur 
in the presence of food. Kliiver’s mon- 
key (22), previously referred to, could 
not inhibit the snatching response to the 
sight of the grape, thus eating none but 
snatching many. We should predict 
that if the monkey were presented a 
basket of grapes, he would have gorged 
himself not because he was hungry but 
rather because of his relative inability 
to inhibit a well-learned sequence of 
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responses cued to the visual stimuli of 
grapes. 

3. Alterations in emotional and social 
behavior. In the absence of opera- 
tionally defined concepts of ‘emotion’ 
and ‘social behavior,’ we find it impos- 
sible to deal theoretically with such be- 
havioral alterations. It is obvious, how- 
ever, that Ward’s monkey displayed a 
profound behavioral change following 
either unilateral or bilateral ablation of 
the cingular gyrus; but to deal analyti- 
cally with a change of this sort, the 
stimulus conditions and the character of 
previous learning must be specified in 
the comparison of preoperative and post- 
operative response patterns. 

4. Difficulty in habit reversal. This 
follows directly from our hypothesis. 
In order for the second act to be per- 
formed and thus to be learned, the first 
act (which is already learned) has to be 
inhibited. When the first habit is again 
correct, the second has to be suppressed, 
and so on. Hence, Settlage’s et al. 
frontal monkeys did poorly in habit 
reversal problems. 

5. Seriatim problems. The quotation 
from Jacobsen given on page 23 describ- 
ing the performance of the frontal ani- 
mal in this sort of problem, is a good 
description of the inability to inhibit a 
given response pattern. When the fron- 
tal monkey has opened the latch, the 
latch itself is still there as before, as 
good a stimulus to latch-lifting as it 
ever was. And this response is not in- 
hibited until other stimuli impinge upon 
the organism owing to factors outside 
of the act itself. The normal monkey 
with act-inhibition unimpaired finds no 
such difficulty in inhibiting the latch- 
lifting after it has been done once, and 
then turning to the other manipulations 
required to solve the problem. 

6. Multiple-stick-and-platform prob- 
lem. The stimulus stick arouses the re- 
sponse of grasping the stick and raking 
in food. To do the problem correctly, 
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the animal must use the first stick to 
rake in another stick on another plat- 
form, then use the second to rake in the 
third, use the third to get a fourth, and 
use the fourth and longest stick to rake 
in food. To perform such a series of 
acts, the response of raking in food 
with the first, inadequate stick must be 
inhibited, so that the animal will use 
it to rake in the second stick on another 
platform. The frontal animal cannot 
inhibit this response of raking in food, 
and consequently it continues to attempt 
to reach the food with the first stick 
which is too short, just as Kliiver’s mon- 
key with grapes, or the monkey pulling 
the latch. 

7. Conditional reaction. When the 
stimulus cards are small, the animal 
learns to approach the black stimulus 
card for food. When they are large, 
however, this response to a black stimu- 
lus card must be inhibited in order that 
the same response may be learned to 
the large white card. The impairment 
of the suppressor mechanism occasioned 
by ablation of the frontal areas prevents 
the monkey from performing correctly 
and from relearning the problem in 1000 
trials. 

8. Delayed reaction problem. This 
has been analyzed in the light of the 
present hypothesis on pages 25 ff. Let 
us look at the four methods by which 
the performance of frontal animals can 
be improved in delay problems. 


a. Increasing the time since opera- 
tion. If one ablates parts of the pre- 
motor area skilled movements are lost, 
but, with long postoperative recovery, 
slowly return, though never to the level 
of the normal animal (29). Supposedly, 
this is owing to other parts of the cortex 
gradually taking over the functions of 
the destroyed region. The same process 
could occur with ablation of the frontal 
region; the suppressor mechanism is 
impaired, but gradually recovers though 
never to the preoperative level. 


b. Increasing the time between trials. 
Since in the usual delayed reaction situa- 
tion the correct stimulus is randomly 
alternated so that one cup is correct 50 
per cent of the time and the other 50 per 
cent of the time, each of the two re- 
sponses (one to each cup) must be 
inhibited for 50 per cent of the trials. 
In the normal primate this inhibition of 
first one response, and then the other 
goes on in the face of the effects of pri- 
mary reinforcement. That is to say, 
being reinforced by getting food under 
one cup will tend to make the animal 
respond to that cup on the next trial. 
But the normal animal in learning the 
problem must over-ride these effects of 
primary reinforcement by inhibition of 
what was learned on the previous trial. 
In frontal monkeys, who are relatively 
incapable of act-inhibition, this over- 
riding of the effects of primary rein- 
forcement cannot occur and rigid learn- 
ing of a position habit ensues on the 
basis of partial reinforcement. Such 
rigid position habits have been found by 
many workers with frontal animals (for 
example, 8,9, 17,27). Thus if we could 
change the delayed reaction procedure 
so as to eliminate as much as possible 
the effects of successive primary rein- 
forcements of two alternative and in- 
compatible responses, the frontal animal 
should be able to delay more success- 
fully. This was reported by Spaet and 
Harlow (35). With only one delayed 
reaction test per day, the effects of suc- 
cessive primary reinforcements are at a 
minimum, and the situation does not 
demand so strong an inhibition of the 
previously reinforced response. Accord- 
ingly their frontal baboon did much bet- 
ter than when 25 trials were lumped to- 
gether in one session. 

candd. Decreasing extraneous stimu- 
lation and barbiturate administration. 
Malmo’s (27) and Wade’s (37) results 
are not explained along the same ap- 
proach. The added assumption of an 
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asymptotic limit of act-inhibition is nec- 
essary. First of all we shall show that 
sedation and decreasing room illumina- 
tion are the same in their effect on the 
frontal animal, and then explain how the 
improvement displayed by such animals 
may be derived with our added assump- 
tion. 

An animal is constantly surrounded 
by a host of stimuli which are of vary- 
ing strengths as to the possibility of 
their evoking a response. What seda- 
tion does physiologically is to raise the 
thresholds of all of the responses to 
these stimuli to the same degree. As 
sedation is increased, the weaker stimuli 
lose their potentiality of evoking a re- 
sponse. This is precisely what decreas- 


ing extraneous stimulation by lowering 
the intensity of room illumination does. 
In both instances only the responses 
with the greatest habit strengths are 
evoked, namely the strongly learned 
responses to the cups where food is. 


Other response possibilities to stimulus 
patterns about the room are obliterated 
either by decreased illumination or by 
the threshold-raising effect of barbitur- 
ates. Thus Malmo’s and Wade’s condi- 
tions are the same in their effects on the 
animals. 

Assume an asymptotic limit to the 
amount of act-inhibition which may go 
on in the cortex at any given time. 
Then it follows that the more extraneous 
stimuli present, the more will the limited 
amount of act-inhibition be expended on 
such extraneous stimuli when the ani- 
mal attends to the problem. By simple 
subtraction there is a smaller amount of 
act-inhibition to be utilized in the per- 
formance of the problem itself. We 
have described the delayed reaction set- 
up as one requiring a high degree of 
cortical act-inhibition. Hence: the more 
extraneous the stimuli, the poorer will 
the animal perform in the delayed re- 
action problem. And conversely, the 
less extraneous the stimuli, the more 
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act-inhibition is available for solution, 
and thus the better will be the animal’s 
performance. 

VI. 

1. Following a discussion of the logic 
of cortical mapping and its implications 
for interpretation of frontal cortex func- 
tion, the evidence for frontal cortex 
function is reviewed. In this review 
eight types of behavior changes ensuing 
from bilateral ablation of the frontal 
cortex in monkeys are stressed. 

2. An analysis of one of these be- 
havior changes, impaired performance in 
the delayed reaction problem, reveals 
that inhibition of an alternative response 
is necessary for the problem’s solution. 
Monkeys generally fail to retain or to re- 
solve the delayed reaction test following 
removal of the frontal cortex bilaterally. 
An hypothesis is presented that one 
function of the frontal region in the pri- 
mate is cortical act-inhibition, the neural 
substrate of which involves the suppres- 
sor areas, described by McCulloch and 
his co-workers. Three possible ways in 
which the suppressor areas may be in- 
volved in cortical act-inhibition are sug- 
gested: (a) only the most rostral of the 
suppressor areas, LA, subserves this 
function; (b) the frontal cortex as a 
whole may be considered as a suppres- 
sor organizational region firing into the 
cingular gyrus (LA); or (c) the sup- 
pressor areas together with that part of 
the medial FD cortex which McCulloch 
refers to as area 32 form a cortical sup- 
pressor system wherein mass action and 
possibly equipotentiality obtain. 

3. The eight types of behavioral 
change following bilateral destruction of 
the frontal region are then interpreted in 
the light of the hypothesis of cortical 
act-inhibition. 


SUMMARY AND CONCLUSIONS 


In conclusion we should like to note 
that act-inhibition as we have defined 
it is undoubtedly not the only function 
of the frontal region. It would certainly 
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be misleading and heuristically barren 
to assume a monistic theory of frontal 
cortex function. For example, the rdle 
of this cortex in emotion remains to be 
clarified. It should also be noted that 
other extensions of this hypothesis might 
prove helpful in understanding such re- 
curring concepts as set, attention, per- 
severation, and experimental extinction. 


REFERENCES 


1. Bamtey, P., & Sweet, W. H. Effects on 
respiration, blood pressure and gastric 
motility of stimulation of orbital sur- 
face of frontal lobe. J. Neurophysiol., 
1940, 3, 276-281. 

. Bontn, G. von. Architecture of the pre- 
central motor cortex and some adjacent 
areas. In The precentral motor cortex 
(P. C. Bucy, Ed.). Urbana, Illinois: 
University of Illinois Press, 1944. Pp. 
7-82. 

.—, & Bamey, P. The neocortex of 
Macaca mulatta. Urbana, Illinois: Uni- 
versity of Illinois Press, 1947. 

. Brestaw, B., Barrera, S. E., & Warden, 
C. J. The effect of removal of the 
postcentral convolution of the macacus 
rhesus monkey upon the delayed re- 
sponse. J. comp. Psychol., 1934, 18, 
207-226. 

. CAMPBELL, R. J., & Hartow, H. F. Prob- 
lem solution by monkeys following re- 
moval of the prefrontal areas. V. Spa- 
tial delayed reaction. J. exp. Psychol., 
1945, 35, 110-126. 

. Detcapo, J. M. R. Respiratory centers 
in the frontal lobe. Fed. Proc. Amer. 
Soc. exp. Biol., 1947, 6, 95-96. 

. —, & Livincston, R. B. Some respira- 
tory, vascular and thermal responses to 
stimulation of orbital surface of frontal 
lobe. J. Neurophysiol., 1948, 11, 39- 
55. 

. Finan, J. L. Effects of frontal lobe le- 
sions on temporally organized behavior 
in monkeys. J. Neurophysiol., 1939, 
2, 208-226. 

Delayed response with pre-delay re- 
enforcement in monkeys after the re- 
moval of the frontal lobes. Amer. J. 
Psychol., 1942, 55, 202-214. 

. Furton, J. F. Physiology of the nervous 
system (2nd Ed.). New York: Oxford 
University Press, 1943. 

Physiological basis of frontal lo- 
botomy. Acta med. scand. (Berglund 
Festschript), 1947, Suppl. 196, 615-625. 


12. ——. 


13. 


Surgery of mental disorder. Mc- 
Gill med. J., 1948, 17, No. 2, 1-13. 
——, & Jacossen, C. F. The functions of 
the frontal lobes, a comparative study 
in monkeys, chimpanzees and man. 
Abstr. 2nd int. neurol. Congr., London, 

935, 70-71. 


. —, Livincston, R. B., & Davis, G. D. 


Ablation of area 13 in primates. Fed. 
Proc. Amer. Soc. exp. Biol., 1947, 6, 
108. 


. Jacopsen, C. F. A study of cerebral 


function in learning. The frontal lobes. 
J. comp. Neurol., 1931, 52, 271-340. 
Functions of frontal association 
areas in primates. Arch. Neurol. Psy- 
chiat., Chicago, 1935, 33, 558-569. 
Studies of cerebral function in pri- 
mates: I. The functions of the frontal 
association areas in monkeys. Comp. 
Psychol. Monogr., 1936, 13, 1-60. 

, & Exper, J. H. Studies of cerebral 
function in primates: II. The effect of 
temporal lobe lesions on delayed re- 
sponse in monkeys. Cop. Psychol. 
Monogr., 1936, 13, 61-65. 

& Hasterup, G. M. Studies of 
cerebral function in primates: III. A 
note on the effect of motor and pre- 
motor area lesions on delayed response 
in monkeys. Comp. Psychol. Monogr., 
1936, 13, 66-68. 


.—, Worre, J. B., & Jackson, T. A. 


An experimental analysis of the func- 
tions of the frontal association areas 
in primates. J. nerv. ment. Dis., 1935, 
82, 1-14. 


. Kennarp, Marcaret A., SPENCER, SUSAN, 


& Fountain, G., Jr. Hyperactivity in 
monkeys following lesions of the fron- 
tal lobes. J. Neurophysiol., 1941, 4, 
512-524. 


. Kitver, H. As described by Fulton (10, 


p. 420). 


. Lasuiey, K. S. Conditional reactions in 


the rat. J. Psychol., 1938, 6, 311-324. 


. ——, & Crark, G. The cytoarchitecture 


of the cerebral cortex of Ateles: A 
critical examination of architectonic 
studies. J. comp. Neurol., 1946, 85, 
223-305. 


. McCuttocn, W. S. Cortico-cortical con- 


nections. In The precentral motor 
cortex (P. C. Bucy, Ed.). Urbana, 
Illinois: University of [Illinois Press, 
1944. Pp. 211-242. 

The functional organization of the 
cerebral cortex. Physiol. Rev., 1944, 
24, 390-407, 





WattTer C. STANLEY AND JULIAN JAYNES 


. Mato, R. B. Interference factors in de- 

layed response in monkeys after re- 

moval of frontal lobes. J. Neuro- 

physiol., 1942, 5, 295-308. 

. Mettrer, F. A. Physiologic effects of bi- 

lateral simultaneous frontal lesions in 

the primate. J. comp. Neurol., 1944, 

81, 105-136. 

. Morcan, C. T. Physiological psychology. 

New York: McGraw-Hill, 1943. 

. Penrrecp, W. The cerebral cortex in man. 
1. The cerebral cortex and conscious- 
ness. Arch. Neurol. Psychiat., Chicago, 
1938, 40, 417-442. 

Ricuter, C. P., & Hines, Marion. In- 
creased spontaneous activity produced 
in monkeys by brain lesions. Brain, 
1938, 61, 1-16. 


32. Rucn, T. C., & Smenxin, H. A. The re- 


lation of area 13 on orbital surface of 
frontal lobes to hyperactivity and hy- 
perphagia in monkeys. J. Neuro- 
physiol., 1943, 6, 349-360. 

. Setttace, P., Zasre, Myra, & Hartow, 
H. F. Problem solution by monkeys 
following bilateral removal of the pre- 
frontal areas: VI. Performance on tests 
requiring contradictory reactions to 
similar and to identical stimuli. J. 
exp. Psychol., 1948, 38, 50-65. 


34. Smitu, W. K. The functional significance 


of the rostral cingular cortex as re- 
vealed by its responses to electrical 


excitation. J. Neurophysiol., 1945, 8, 
241-255. 


. Spaet, T., & Hartow, H. F. Problem 


solution by monkeys following bilateral 
removal of the prefrontal areas: II. De- 
layed reaction problems involving use 
of the matching-from-sample method. 
J. exp. Psychol., 1943, 32, 424-434. 


. Spencer, W. G. The effect produced upon 


respiration by faradic excitation of the 
cerebrum in the monkey, dog, cat, and 
rabbit. Philos. Trans., 1894, 185B, 
609-657. 


. Wave, Marjorie. The effect of sedatives 


upon delayed response in monkeys fol- 
lowing removal of the prefrontal lobes. 
J. Neurophysiol., 1947, 10, 57-61. 


. Warxer, A. E. A cytoarchitectural study 


of the prefrontal area of the macaque 
monkey. J. comp. Neurol., 1940, 73, 
59-86. 


. Warp, A. A., Jr. The cingular gyrus: 


Area 24. J. Neurophysiol. 1948, 11, 
13-23. 


. —, & McCuttocn, W. S. The projec- 


tion of the frontal lobe on the hypo- 
thalamus. J. Neurophysiol., 1947, 10, 
309-314. 


. Warpen, C. J., Barrera, S. E., & Gat, W. 


The effect of unilateral and_ bilateral 
frontal lobe extirpation on the behavior 
of monkeys. J. comp. Psychol., 1942, 
34, 149-171. 


[MS. received June 10, 1948] 








FACTUAL ISSUES IN THE “CONTINUITY” CONTROVERSY 


BY ROBERT A. BLUM AND JOSEPHINE SEMMES BLUM 
Yerkes Laboratories of Primate Biology 


In 1929 Hull (4) analyzed the nature 
of the conditioned reflex from the point 
of view of biological utility. Using Hol- 
lingworth’s conception of the CR as a 
redintegrative process, he postulated 
that its survival value for the organism 
is dependent on its being a two-phase 
phenomenon. One is excitatory and is 
represented by “the fact that all ele- 
ments of a stimulus complex playing 
upon the sensorium of an organism at or 
near the time that a response is evoked 
tend themselves independently and in- 
discriminately to acquire the capacity 
to evoke substantially the same re- 
sponse” (4, p. 498). This tendency, 


if it operated in isolation, would result 
in behavioral chaos, but limitations are 
imposed by the second phase, in which 


several kinds of inhibition work to cor- 
rect the indiscriminate action of the 
redintegrative or excitatory phase. 

This conception of the conditioned 
reflex has been used as a fruitful source 
of postulates in Hull’s general theory of 
learning. The theory, although it con- 
tains certain counterparts of the earlier 
concepts, entails considerable modifica- 
tion and elaboration in its redefinition 
of the stimulus, its dependence on rein- 
forcement, and its emphasis on generali- 
zation, stimulus interaction, and _be- 
havioral oscillation. Roughly analogous 
to the excitatory phase is the wat, or 
habit strength as modified by drive; to 
the inhibitory phase is the pav and con- 
ditioned inhibition. The resultant of 
the interaction of these two phases is the 
effective reaction potential. With the 
addition of the law of effect, it follows 
‘from the more limited conditioning 
analysis that each element of the rein- 
forced stimulus complex should acquire 


with each presentation an increment to 
a tendency to evoke the associated re- 
sponse. However, in the light of the 
general theory of learning, it is not ele- 
ments but afferent compounds which 
are associated and generalized. If the 
stimulus complex is modified, successful 
transfer depends on the proximity of 
the new afferent compound to the old 
on a generalization continuum. 

The Hullian view of conditioning and 
learning has not gone unchallenged. In 
the year that Hull published his condi- 
tioning analysis Lashley (14) offered the 
basis for a different interpretation of 
learning—that the animal attempts vari- 
ous solutions before he hits upon the 
right one, and that the errors preceding 
and following the time at which he starts 
responding to the proper aspects of the 
stimuli are irrelevant to the formation 
of the correct association. The learning 
curve (16) can be explained as well by 
the assumption that single associations 
occur in one trial and do not improve 
with practice, as by the postulate that 
they improve gradually. What appears 
to be improvement with practice is more 
likely a change in the character of the 
association. Complex acts particularly 
seem benefited by repetition, but this 
may be because they require the forma- 
tion of many specific connections. 

Everyone now recognizes that the be- 
havior of animals in problem situations 
is not random, or rather, is random only 
with respect to the particular response 
the experimenter requires; further, it 
is commonly observed that error scores 
may show sudden as well as gradual 
declines of various magnitudes. Analy- 
sis of performance curves of individual 
animals supports these data from obser- 
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vation. However, this body of evidence 
with respect to the presolution period 
in discrimination learning had not been 
used as a theoretical paradigm, nor had 
it been offered as a test of the learning 
theory arising out of conditioning, until 
Lashley (14) did both. He pointed out 
that responses to position, to alternation, 
and to cues from the experimenter’s 
movements usually precede responses to 
the relevant discriminanda and represent 
attempted solutions which are within 
the rat’s customary range of activity. 
Krechevsky (10) further emphasized 
the fact that the rat’s behavior does 
not gradually become systematic with 
increasing exposure to the experimental 
situation, but is so from the beginning 
of the learning process being investi- 
gated. One solution after another is at- 
tempted and abandoned, if unsuccessful, 
until the right one is found. These “hy- 
potheses” are “unified, meaningful, and 
purposive,” and represent the contribu- 
tions of the organism to the immediate 
stimulus situation (11). 

The ideal animal of the non-continuity 
theorists thus shows hypotheses in the 
presolution period and sudden mastery 
of the problem set by the experimenter; 
his performance curve, according to 
them, is the prototype of the “true” 
learning curve, 7.e., it is discontinuous. 
If learning were a continuous process, 
they ask, why should performance 
curves often be discontinuous? 

Extensions of continuity theory have 
been required to cover these phenomena. 
Hull (5) dealt specifically with the prob- 
lem of the preferential order of action- 
sequences with which an animal enters 
a problem situation. Spence (27) 
pointed out that randomness of response 
in the presolution period is not a neces- 
sary postulate of trial and error theory. 
He put forward an account of the nature 
of discrimination learning based on 
quasi-Hullian principles of generaliza- 
tion of excitatory and inhibitory poten- 


tials of the components of a stimulus 
complex and the interaction of these two 
gradients (27, 29). Evidence was pre- 
sented that “insight,” as shown by sud- 
den drops in error score, is like more 
gradual learning in being dependent on 
previous rewards and punishments (30, 
25). 

The remaining theoretical issue con- 
cerns the definition of the stimulus: Is 
the learning process the gradual strength- 
ening of the tendency (i.e., increase in 
the probability) of the afferent com- 
pound, in which all elements of the 
stimulus complex participate, to evoke 
the response, or is the mechanism of 
learning such that at any given time 
only a limited number of the stimulus 
elements, in a certain particular organi- 
zation, determine the reaction? 

This issue has been tested in several 
ways: (a) By gross observation of the 
day-to-day behavior of animals in prob- 
lem situations. (b) By analysis of per- 
formance curves in soluble and insoluble 
problems (14, 10, 11). (c) By tests 
for positive or negative transfer after 
reversal of the reward relations of a 
stimulus or stimulus pair at some point 
in the learning process (22, 13, 31, 19). 
(d) by giving the animal a preliminary 
“set” to respond to one aspect or organi- 
zation of the stimulus elements, and 
then testing for association of other as- 
pects or organizations with the response 
(18, 32, and an experiment by us to be 
described in this paper). (e) By cor- 
relations of the error scores in particular 
problems with the differential excitatory 
strengths of the discriminanda, as meas- 
ured by the times one had been re- 
warded more than the other in previous 
training (28, 30, 18). 

There is agreement on the facts in 
the case of the first two types of evi- 
dence, though there is a difference in 
interpretation; each of the last three 
types, however, has given results which 
are opposed or inconclusive. The ques- 
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tions that have emerged are these, 
respectively: from (c), What is the ef- 
fect, if any, of reversed pretraining?, 
from (d), Does the animal’s preliminary 
set prevent the formation of demonstra- 
ble associations with other aspects of 
the stimulus complex?, and from (e), 
Is the correlation method sensitive 
enough to show whether or not trials 
during which the animal is making sys- 
tematic errors contribute to the strength 
of the required association? It is with 
these questions that this paper is prin- 
cipally concerned. Can the apparently 
contradictory results all be encompassed 
by a greater specificity of theory in re- 
spect to certain experimental variables? 


THE EFFECT OF REVERSED PRETRAINING 


McCulloch and Pratt (22) attempted 
to test the theoretical issue experimen- 
tally by a method which, in its essential 
features, is the major contemporary ap- 
proach to the problem. They wished 
to know if training on the relevant dis- 
criminanda had a cumulative effect, re- 
gardless of the hypothesis the animal is 
testing. If this is the case, animals 
pretrained with the stimulus-reward re- 
lations arranged in the reverse of those 
in the final problem should be retarded 
with respect to a control group not so 
trained. They found that, in weight 
discrimination, errors on the final prob- 
lem were roughly proportional to the 
amount of reversed pretrining, no mat- 
ter whether training on this problem was 
begun before the animal had started to 
show discrimination of the conversely 
arranged stimuli, when it had just 
started to discriminate, or after a long 
overtraining period. Therefore, they 
concluded that since a gradual change 
occurs even while the rat is testing some 
hypothesis, and since this change is 
roughly proportional to the amount of 
training, the effect of the adoption of 
systematic responses may be ignored. 

Krechevsky (12) criticized these re- 


sults on the basis that changes may have 
been made after the animal had passed 
the presolution period. His contention 
was that the learning process is cumula- 
tive only after the animal is responding 
to the relevant discriminanda; before 
this point rewards and punishments 
teach the animal only the significance of 
the cues to which he is attending and 
nothing at all about the correct ones. 
On the basis of this view it is to be ex- 
pected that if the solution to a problem 
is reversed while the subjects are still 
in the presolution period, they should 
show no retardation over a group which 
had not had the original training. 
Krechevsky trained rats on a reversal 
of a visual discrimination with varying 
amounts of pretraining (0, 20, and 40 
trials), and found his prediction con- 
firmed. 

Spence (31) reviewed the controversy 
in 1940, questioning Krechevsky’s inter- 
pretation of his results. He pointed out 
that the early training of the experimen- 
tal groups with the correction method 
had tended to equalize the excitatory 
strengths of the two position stimuli and 
hence to give these groups an advantage 
over the control group who had not 
had such preferences eliminated. The 
correction method leads to earlier aban- 
donment of wrong responses because ex- 
tinction of the negative stimulus is sup- 
plemented by reinforcement of the 
positive one (9). Spence suggests that a 
more meaningful comparison would have 
been possible if the non-correction 
method had been used, and if the con- 
trol group had been given pretraining of 
20-40 trials with neither stimulus con- 


1 McCulloch (20, 21) points out that this 
criticism is invalid in explaining the negative 
transfer of the 28-trial group, if the opera- 
tional criterion of the presence of a hypothe- 
sis given by Krechevsky (10, 11) and by Tol- 
man and Krechevsky (33) is accepted, for the 
rats at this point were still responding at a 
chance level with respect to the weight dif- 
ference. 
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sistently positive. He suggests that the 
jumping technique predisposes the ani- 
mal to fixate only the bottom of the 
card, and that consequently the relevant 
discriminanda simply were not seen by 
the animal at first. Further, Krechev- 
sky’s figures were black on white, and 
the rat tends to orient toward the 
brighter part of the field, a fact which 
likewise diminishes the possibility that 
during the early trials the figures would 
impinge on the sensorium* at or near 
the moment of response. Only in a 
brightness discrimination, Spence be- 
lieves, is it possible to be sure that the 
relevant cues are received from the very 
beginning of learning. In 1945 Spence 
(32) reported an experiment, similar to 
Krechevsky’s but with the modifications 
he had suggested in 1940; he found 
his experimental group, which had been 
given presolution training to the nega- 
tive cue, significantly inferior to the con- 
trols. 

Other reversal experiments were re- 
ported by Lashley and Wade (19) on 
rats, monkeys, and chimpanzees, where 
the negative or positive character of 
only one of the stimuli was changed. 
This stimulus was then opposed by an 
unfamiliar one. Lashley consistently 
found in the ten experiments on rats, 
and, on the average, in the monkey ex- 
periments, that the animals learned in 
fewer trials when the stimulus which 
had been positive originally was made 
negative than when its initial positive 
character was maintained. 

Thus a factual issue has emerged out 
of these tests. Does reversed pretrain- 
ing facilitate, hinder, or have no effect 
on the subsequent learning? The ex- 


2It has been said that this begs the whole 
question of attention. So it does if Spence 
means that the animal must not only “see” 
but “notice” the relevant stimuli. But we 
take the phrase “impinge on the sensorium” to 
mean excitation of the peripheral nervous sys- 
tem by the stimuli, whether or not the ani- 
mal gives his attention to them. 





periments of McCulloch and Pratt and 
of Spence seem to indicate that it is a 
hindrance, while those of Lashley and of 
Krechevsky show a slight facilitating ef- 
fect, insignificant in the single case, 
but certainly significant statistically if 
the number of their experiments giving 
results in this direction is taken into ac- 
count (8). Each side has contented 
itself with pointing out possible defects 
in the experiments which give results 
seemingly opposed to its theoretical posi- 
tion. The validity of the reversal 
method as a test of the issue would seem 
to be questionable unless the effects of 
other experimental conditions are speci- 
fied. It is possible that analysis of the 
procedures employed as they relate to 
certain principles, already existent in 
the Hull system, can throw some light 
on why the results are opposed. 


A. The principle of generalization of 
stimulus compounds. The principle of 
the generalization of stimulus com- 
pounds results jointly from the concept 
of generalization along stimulus continua 
and from a redefinition of the stimulus 
as not the plaque the experimenter puts 
in front of his animal, but the neural 
counterpart of the temporal and spatial 
configuration of events confronting the 
animal (6,7). Civen the observed fact 
that another stimulus than that used in 
the original trainu.g will elicit the re- 
sponse, the Hullian explanation has been 
“spread of effect” from one afferent 
compound to another; the amount of 
such spread is a function of the number 
of intervals between them on a psycho- 
logical continuum, which presumably 
can be related by experiment to psycho- 
physical continua, where the unit is the 
j. n. d. All stimuli are associated in 
terms of their contributions to and in- 
teractions in the afferent configuration. 

Some of the factors influencing the 
amount of generalization are the type of 
apparatus used and the difficulty of the 
problem selected. It is a commonplace 





FacTuaL Issues IN THE “CONTINUITY” CONTROVERSY 37 


to say that apparatus design is extremely 
important in setting the conditions un- 
der which the stimuli are received and 
in determining the kind of response the 
animal must make. The positions of 
the stimuli with respect to each other 
and to the animal permit varying de- 
grees of clearness of spatial articulation. 
Haire has shown that bifurcating the 
platform of the jumping stand hastens 
learning (1), and Spence has ascribed 
this difference to the decreased amount 
of spatial generalization (31). The de- 
gree of similarity of responses to the 
different stimuli required of an animal 
in a given apparatus also may provide 
the basis for stimulus generalization 
mediated by similarity of response. 
Riesen and Nissen (26) have shown 
that if a difference of overt response to 
one stimulus as opposed to the other is 
required, the level of achievement is 
raised. Difference in the background 
provides another important source of 
differentia. 

We assume that the difficulty of a 
discrimination problem under constant 
experimental conditions is a function of 
the number of ‘j. n. d.’s’ between the 
stimuli. Therefore, because of the slop- 
ing gradient of generalization assumed 
by Hull, there would be more generali- 
zation from one stimulus to the other 
when the distance between them in 
‘j. n. d.’ units is small than in the case 
where stimuli further apart are opposed. 

Now, in a given number of trials the 
more generalizaiion between the dis- 
criminanda the more habit strength will 
be simultaneously built up to both of 
them. Each time one is reinforced the 
other acquires a relatively large amount 
of habit strength. At the end of say 
20 trials of reversed pretraining on a 
difficult problem with an apparatus 
which permits a large amount of spatial 
generalization, the subject will have ac- 
quired a much smaller amount of dif- 
ferential habit strength than an ani- 


mal learning an easy problem under 
more favorable conditions. 

B. The principle of inhibition. The 
conception of inhibition as conditionable 
has led to interesting extensions of 
theory (e.g., 29). Hull has defined the 
unit of inhibitory potential as “that 
amount of inhibition which will just 
neutralize one unit of reaction potential” 
(6, p. 280), and has analyzed the con- 
cept of total inhibitory potential into 
“reactive inhibition” and “conditioned 
inhibition,” the former of which is sub- 
ject to spontarieous recovery and the 
latter to disinhibition, i.e., temporary 
reduction or total abolition of a nega- 
tive habit. The massing of trials is as- 
sumed to cause reactive inhibition to 
become conditioned. The idea of an 
inhibitory habit led to the conception 
of a generalization of inhibition having 
similar characteristics to a generaliza- 
tion of excitation (6). 

Variations in experimental procedure 
affect the building up of both condi- 
tioned and reactive inhibition. If trials 
are massed and the number given in one 
session is great, reactive inhibition is 
accumulated and becomes conditioned; 
a relatively large amount of work in- 
volved in making the response acts in a 
similar way. The correction method of 
Lashley and Krechevsky also facilitates 
the accruement of inhibition, because 
on each incorrect trial enough inhibi- 
tion must be built up, through the num- 
ber of non-rewarded responses or their 
proximity in time or both, to effect a re- 
sponse to the correct side. Punishment, 
rather than mere non-reward, is likewise 
a factor favoring inhibition. 

We suggest that the difference in re- 
sults obtained by the two sides to the 
continuity controversy has been a func- 
tion of the difference in problems they 
have set their animals and methods they 
have used. Under differing experimen- 
tal conditions the principles of generali- 
zation and inhibition interact to produce 
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seemingly divergent results. Our argu- 
ment hinges on two main propositions: 


1. The reversal of reward relations in- 
troduces a novel element into the stimu- 
lus complex which has a disinhibiting 
effect (23; 2; 3; 6, p. 392). Other 
things being equal, the effect of reversed 
pretraining upon the learning of the final 
problem will be facilitating or hindering 
depending upon the amount of generali- 
zation between the positive and negative 
stimulus configurations. The amount of 
generalization is in turn dependent upon 
the initial discriminability of the stimu- 
lus objects and the extent to which they 
have been further differentiated by train- 
ing. The reversal necessarily so changes 
the relation of the afferent stimulus 
compounds that they approach each 
other on the generalization continuum 
(the greater the generalization between 
the two stimulus situations the greater 
the magnitude of this effect); in the ex- 
treme case the new compound including 
the formerly negative stimulus may so 
change its position that it is at the out- 
set slightly preferred.® 

We might designate the original posi- 
tive stimulus compound by %),, a tem- 
poral pattern which is composed in part 
of H, the stimulus card now rewarded, 
B,, the stimulus of the situation, includ- 
ing the presence of the other card, and 
of a certain orientation and response, 
and S,, the stimulus of the reward 

Sn =~ H+B,+S,). The original 
negative stimulus compound we will call 
vp, also a temporal pattern composed 
in part of V, the punished card, B,, the 
stimulus of the situation, including the 


3 We are here postulating that a certain re- 
lationship exists between intervening variables 
(afferent compounds) which exist within the 
Hull system. The determination of the quan- 
titative laws governing the relations of these 
variables to the external stimuli and to the 
response is necessary in order to make these 
notions useful for predictive purposes, but this 
problem is of course far beyond the scope of 
the present paper. 


presence of H, and of a different orien- 
tation and perhaps a different response, 
and S,, the stimulus of the punishment 
(Sop =~ V+B,+5,). Between Xp, 
and 3,» there will be generalization, 
generalization of excitation from %,, 
and generalization of inhibition from 
1p, because of the similarity of H and 
V and of B, and B,. When the reward 
relations are changed, we have two new 
stimulus compounds, %),, composed of 
H+B,+S,, and %,,, composed of 
V+B,+5S,. Since Xp») is different 
from %;,, and since this difference is as- 
sumed to be in the direction of Sy» in 
terms of generalization gradients,* Snap 
will evoke less excitatory potential and 
more inhibitory potential than 3,,. The 
converse will be the case for =,,. There- 
fore, it is possible that S,, will be closer 
to 3,» than to X,,, and that %,, will be 
closer to S,;,; hence =,, will have more 
effective reaction potential than ap. 
Thus disinhibition can be derived from 
generalization and stimulus interaction 
(8). 

2. A habit may be acquired chiefly by 
setting up excitatory tendencies to the 
correct stimulus, or inhibitory tendencies 
to the incorrect one, or by a combination 
of both. Under experimental condi- 
tions which include massed trials and 
punishment, the sum of the increments 
of inhibition produced by a number of 
incorrect trials may be greater than the 
sum of the increments of excitatory 
potential produced by an equal number 
of correct trials. Now, the greater the 
amount of differential habit strength 
generated in presolution training, the 
greater will be the probability of its ex- 
pressing itself in an increased response 
tendency, i.e., number of responses, 
latency or amplitude of response, etc. 


4Since 2a, includes elements which were 
part of =,,. Our assumption is that a cor- 
relation exists between: identity of physical 
elements and perceptual similarity, though we 
recognize that this correlation is not perfect. 
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The greater the response tendency to 
the wrong stimulus, the more efficiently 
and effectively is inhibition generated, 
but the more positive habit strength 
must be overcome. There will be an 


optimum point of amount of habit 


strength and rate of accumulation of in- 
hibition associated with it, at which the 
learning process will take fewest trials. 
Under conditions of spaced trials with- 
out punishment, e.g., electric shock, 
beating, falling, etc., any amount of 
habit strength to the incorrect stimulus 
will be a handicap, for inhibitory learn- 
ing cannot here play an important rdle. 

As pointed out above, McCulloch and 
Pratt were able to show in their weight 
reversal experiment that pretraining had 
an effect roughly proportional to the 
number of errors in the final problem, 
regardless of whether or not the animal 
is responding to the relevant cues with a 
frequency greater than chance. They 
trained their animals with trials spaced 
2, minutes apart and gave 12 such 
trials per day. Errors were not pun- 
ished, and the animals were given im- 
mediate correction without re-presenta- 
tion of the alternatives. A summary of 
their data is presented in Table I. 


TABLE I 
SUMMARY OF THE McCuLLocu-Pratt DaTA 


No. trials before 
reversal 


Errors after 
reversal 


52.04 
64.35 
94.65 
115.83 


Group 


I 0 
II 28 
III 84* 
IV 348 


* Median number of trials before animals 
of Group III started to show discrimination 
of the weights. 


Our analysis would be that under 
these conditions of spaced trials, no pun- 
ishment, and immediate correction, the 
animals learn the problem principally 
by an accumulation of increments of 
differential excitatory tendency to the 
correct stimulus; some reactive inhibi- 
tion would be developed because of the 
work involved in pulling in the weights, 
but the time between trials would allow 
most of this to dissipate. Groups II, 
III, and IV have in pretraining acquired 
various amounts of habit strength to the 
stimulus which is negative in the final 
problem. The disinhibiting effect of 
the reversal would be slight, since the 
amount of accumulated inhibition is 
small. The habit strengths to the nega- 
tive stimulus have to be extinguished, 
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but the techniques used by McCulloch 
and Pratt are not such as to allow con- 
ditioned inhibition to be developed 
rapidly or in large increments. There- 
fore, since learning by the acquisition of 
inhibitory potential is minimal with 
these experimental conditions, the build- 
ing up of excitatory potential to the 
positive stimulus is retarded by an 
amount proportional to the amount of 
training on the reversed problem. 

Krechevsky’s reversal experiment gave 
quite different results. He trained three 
groups of rats on a visual pattern dis- 
crimination problem and found that the 
control group (Group I), which had no 
pretraining, took longest to learn, the 
group with 40 trials pretraining (Group 
III) was intermediate, and the group 
with 20 trials (Group II) required few- 
est trials. If we follow Spence (31) in 
truncating the scores of Group I by 20 
trials for comparison with Group II, 
and by 40 trials for comparison with 
Group III, in an attempt to equate gen- 
eral adaptation to the experimental 
situation, we find that Groups III and I 
change places, but Group II is still su- 
perior to the controls by 22 trials on the 
average. This facilitating effect would 
not seem to follow from continuity 
theory, which has been interpreted to 
imply negative transfer to the reversed 
problem, nor from non-continuity theory, 
which would predict no effect. Neither 
side has emphasized or even discussed 
this surprising superiority over the con- 
trols of the group with 20 trials reversed 
pretraining. 

Let us consider the conditions under 
which these results were obtained. The 
problem used by Krechevsky was a diffi- 
cult one—black horizontal versus vertical 
interrupted striations on a white ground; 
if errors made by each of the control 
groups is an indication, his problem was 
almost twice as difficult as that of Mc- 
Culloch and Pratt. The apparatus used 
was the Lashley jumping stand, in which 


errors are punished by the impact 
against the immovable incorrect card 
and by a subsequent fall into the net. 
On each incorrect trial the stimuli were 
repeatedly presented until the animal 
responded to the correct one. Though 
no data are given as to the time elapsing 
between trials, it is usual that trials on 
the jumping stand are given in quick 
succession; the animal is forced to make 
a quick choice on each trial by the use 
of a whip. If he then jumps through 
the correct window, he is allowed only 
a couple of bites of food before being 
put back on the jumping platform; if 
his choice is incorrect, it is probable that 
the next trial comes even more quickly, 
as he is immediately picked up from the 
net and made to jump again. The 
punitive character of the situation and 
the massing of the trials favors inhibi- 
tory learning. 

The difficult nature of the problem 
means that, particularly in the early 
trials, habit strength is built up more to 
both cards as a unit than to one as 
opposed to the other, because of the 
great amount of generalization between 
them. Spence (31) has _ expressed 
doubts that Krechevsky’s stimuli were 
discriminable in the early trials because 
of the rat’s tendency to orient toward 
the brighter part of the field—in 
Krechevsky’s problem, the white ground 
—and because the animal on the jump- 
ing stand tends to fixate only the lower 
part of the cards. Lashley (18) has 
dismissed this latter objection by point- 
ing out that the rat’s binocular field is 
50 to 100 degrees in extent and that the 
upper part of the card is only 12 degrees 
distant when the lower part is fixated. 
The dimensions of Krechevsky’s cards 
are not given, but if they are 15 cm. 
high and the rat is 20 cm. away, a card 
would occupy about 40 degrees of visual 
angle. This means that the binocular 
field must be at least 80 degrees in ex- 
tent for a card to be completely included 
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in it if the rat is fixating the lower edge. 
Therefore, the distance to the top of the 
card may or may not be within the 
binocular field; even if it is, the major 
part of the cards would be in the periph- 
eral portion. Acuity decreases as dis- 
tance from the fixation point is increased 
(15), so here it is surely possible that 
the accuracy of detail vision might be 
sufficiently reduced so that the differ- 
ences of the two patterns on the retina 
might not be much above threshold 
value. To carry our argument a step 
further, the great similarity of the retinal 
patterns causes the occurrence of much 
generalization from one card to the 
other. The more generalization there is 
between the discriminanda, the closer 
together are the stimulus compounds of 
which they are a part on the afferent 
generalization continuum. Thus there 
may be less habit strength to overcome 
by a certain number of trials of reversed 
pretraining on Krechevsky’s problem 
than would be the case with an easier 
task. 

Heretofore we have been contrasting 
Krechevsky’s experimental conditions in 
general terms with those of other ex- 
perimenters. Now let us consider the 
differential treatment of his three 
groups. The groups with habit strength 
to the stimulus which is incorrect after 
the reversal will, we assume, express 
this increased response tendency by a 
greater strength of jump, a_ shorter 
latency, more repetitive errors on correc- 
tion trials, etc., in the early part of 
the test training than a group without 
such habit strength. A harder jump 
would mean more punishment per trial 
than the controls received, while a 
shorter latency or more repetitive errors 
would cause the incorrect responses to 
come at shorter intervals. Both these 
factors, as we have pointed out, tend to 
produce a more rapid reduction in posi- 
tive response tendency. This increased 
rate might, in a group with a small 


amount of differential habit strength 
such as Krechevsky’s Group II, more 
than compensate for the slightly greater 
habit strength it has to overcome than 
the controls. Group III has an even 
more rapid rate than Group II, but it 
may be past the optimum range because 
its differential habit strength had, by 
the time of reversal, become too large. 

Spence (32) reported a reversal ex- 
periment showing negative transfer on 
the part of the groups which had had 
pretraining to the negative stimulus. 
The animals were trained to a position 
habit for 30 trials in an apparatus which 
consisted essentially of two alleys 
painted an intermediate grey. Then the 
experimental group was given 20 trials 
with black and white alleys, one of these 
colors being always reinforced, spatial 
relations randomly varied. The con- 
trols were given an equal number of 
trials with random reinforcement of 
black or white. The position habit was 
then broken with the alleys grey again. 
Next both groups were trained to the 
reverse of the discrimination on which 
the experimental group had been given 
presolution trials. The controls met the 
criterion in 70 trials, while the experi- 
mental group required 95, a statistically 
significant difference. 

The features of Spence’s experimental 
situation important from the point of 
view of our analysis are (1) the dis- 
crimination was quite an easy one, (2) 
no punishment was given for errors, (3) 
the non-correction technique was used, 
and (4) the trials were not closely 
massed. From the fact that the prob- 
lem was not difficult, it follows that gen- 
eralization from one alley to the other 
must have been relatively slight. Con- 
sequently, a larger proportion of the dif- 
ferential habit strength necessary for 
learning the initial problem would have 
been acquired in the prereversal period 
than with a more difficult problem. De- 
struction of the position habit before 
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the beginning of the discrimination 
training proper caused this preference 
to became evident in performance im- 
mediately after the reversal, as Spence’s 
graph shows. The experimental condi- 
tions we have indicated under (2), (3), 
and (4) are relatively inefficient in 
breaking down this habit strength to 
the now-incorrect stimulus. This experi- 
ment will be discussed further in the 
next section. 

The ten rat experiments of Lashley 
and Wade, of which only two are de- 
sc. ibed in any detail, show a facilitating 
effect of reversal of the stimulus-reward 
or stimulus-punishment relations of one 
of the discriminanda when it is opposed 
by an unfamiliar stimulus. The first 
experiment involved four groups, the 
training of which is summarized in the 
table below: 


in preference to an X of equal size, and 
half to the opposite discrimination. The 
first group took 220 trials, 85 errors, 
while the second learned in 150 trials, 
54 errors. 

As Hull (8) points out, these ten rat 
experiments imply the existence of a 
generalization gradient, only of a type 
not assumed by any existing theory, i.e., 
that reinforcement makes for avoidance 
rather than for approach. Certain facts 
about Lashley’s results deserve especial 
mention: 1. Lashley says that no one of 
these cases gave statistically significant 
differences in learning scores: the fact 
that in Experiment I Group A with an 
average of 190 trials is not significantly 
different from Group B with an average 
of 60 trials points to an astonishingly 
great variability among the rats used in 
this experiment. 2. If only the direc- 
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Groups A and B thus had the same 
final problem to learn; Group B’s initial 
training to the incorrect stimulus evi- 
dently greatly facilitated its progress. 
Groups C and D also had the same final 
problem, and Group C is slightly su- 
perior in trial score. 

Lashley’s second experiment involved 
the same original training for both 
groups—white cross versus black card 
with the former positive. Half the ani- 
mals were then trained to take the cross 


tion of difference is taken into account, 
it is interesting to compare the learning 
score on the figure-size discrimination 
with that of a group not pretrained— 
other experiments indicate that such a 
group would learn in about 100 trials. 
Why a group which presumably has 
positive habit strength to the 8 cm. 
circle should be retarded with respect to 
a group with no pretraining, and why a 
group with positive habit strength to 
the 5 cm. circle should be facilitated 
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with respect to a previously untrained 
group seems inexplicable by any extant 
theoretical construction. 

We might offer the following specula- 
tions on this series of experiments: in 
the original training, the positive and 
negative stimulus compounds may be so 
far apart on the hypothetical afferent 
continuum (i.e., perceptually so differ- 
ent) that the generalization gradients 
of excitation and inhibition do not inter- 
act to any significant extent. Therefore, 
differential habit strength may exist 
mainly between such characteristics as 
black and not-black cards or figures and 
non-figured cards—only very little be- 
tween different figures. A factor af- 
fecting the degree of this indiscriminate- 
ness with which the animal comes to the 
final problem is the change or mainte- 
nance of the reward or punishment rela- 
tions of the stimulus carried over from 
the old situation. If these relations re- 


main the same, the afferent compound 
customarily offered by the experimental 


situation will be less changed, and there 
will be more generalization from it to 
the new one. The tendency to accept 
or reject all figured cards indiscrimi- 
nately is more because of the lesser dif- 
ference in the situations, and therefore, 
discrimination among figures is more dif- 
ficult. 

In summary, our belief is that the con- 
tinuity postulate implies a greater num- 
ber of trials and errors to learn the usual 
sort of reversed problem only under con- 
ditions where generalization from one of 
the discriminanda to the other is slight, 
and where inhibitory learning cannot 
play an important réle. In the Lashley- 
Wade type of reversal experiment there 
is very little difference between the 
habit-strengths of the two figures used 
in the second test, because of the “flat- 
ness” of the generalization curve around 
the rewarded figure of the first training 
(due to lack of interaction of the gradi- 
ents of excitation and inhibition). If 


the same figure is rewarded in the second 
training as in the first, generalization 
from one total situation to the other is 
greater than if this figure is now pun- 
ished. Hence, the generalized response 
to figured cards associated with the 
original situation has more tendency to 
persist. 

Reversal training per se does not, 
therefore, offer an adequate test of the 
postulate unless the experimental condi- 
tions, particularly as they relate to pos- 
sible differential treatment of experi- 
mental and control groups, are specified. 
This type of experiment was originally 
undertaken to discover whether or not 
any effects of reinforcing a particular 
stimulus could be demonstrated if the 
subject were not responding systemati- 
cally to the relevant cues, and while he 
may have been consistently responding 
to other cues. The latter question of 
whether a “set” to one aspect of the 
stimulus complex precludes association 
with other organizations of the per- 
ceptual elements present is more specifi- 
cally dealt with in other experiments 
which we will consider in the following 
section. 


THE EFFECT OF PRELIMINARY SET 


In Lashley’s review of the continuity 
controversy (18) he reported an experi- 
ment in which rats, having been given 
a set to respond to size, were trained 
with discriminanda differing in both size 
and form, and then tested for form pref- 
erence with the size difference elimi- 
nated. Four rats were trained positive 
to a 10 cm. circle and negative to a 6 
cm. circle to a criterion of 20 errorless 
trials. They learned this discrimination 
in an average of 95 trials, 14 errors. 
An equilateral triangle, 10 cm. on a side, 
was then substituted for the larger circle 
in 10 critical trials. All animals chose 
the triangle on every trial. They were 
then given 200 training trials, in which 
they made only 1.5 errors on the aver- 
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age, with this triangle positive and op- 
posed to the small circle. Form prefer- 
ence was then tested by presenting a 
triangle and a circle of intermediate, 
equal size (each 50 sq. cms.) for 20 
critical trials. No animal showed any 
preference for either of the figures, all 
responding only to position in 19 or 20 
trials. After being retrained on the 
large triangle and small circle to 20 
consecutive errorless trials, the rats were 
tested with a small triangle and large 
circle. All chose the large circle in 20 
out of 20 critical trials. Lashley says, 
“In spite of the opportunity for asso- 
ciation of reaction with the differentiat- 
ing shapes of the figures and the ab- 
sence of any common attributes of form 
in the positive and negative situations 
which might extinguish such an associa- 
tion, form was not associated” (18, 
p. 259). 

This statement seems open to ques- 
tion. In the first place, if we assume 
that excitatory potential is being built 
up to the large triangle and inhibitory 
potential to the small circle in the train- 
ing trials, we should in any case expect 
a diminution in both these tendencies 
when the size of the former is decreased, 
and of the latter, increased, as in the 
second test. Further, the rate of peak- 
ing of the generalization curve of the 
large triangle (in the context of the 
small circle, etc.) by differential rein- 
forcement is slowed because of the op- 
eration of an opposed process: the large 
triangle-small circle situation is close to 
the large circle-small circle situation on 
the afferent continuum, and secondary 
generalization, mediated by the succes- 
ful jump to the large figure and the un- 
successful one to the small figure in each 
case, tends to push them still closer to- 
gether. Therefore, under these circum- 
stances, the building up of differential 
habit strength in sufficient amount so 
that a triangle of different size from the 
original triangle will be preferred over a 


circle of different size from the original 
circle will take a considerably longer 
time than establishing this form dis- 
crimination to figures of a constant and 
equal size when no such pretraining is 
given. Two hundred trials is apparently 
not enough. 

In a situation where the form dis- 
crimination to be required in the second 
test is easier (that is, where differential 
habit strength is acquired faster), in 
which less generalization obtains from 
the one-cued size training to the double- 
cued form and size training set-ups, and 
in which the negative figure of the sec- 
ond test has no positive habit strength 
at all attached to it, different results 
might be gotten. We have repeated 
Lashley’s experiment with one modifica- 
tion, namely, that in the first test and in 
the subsequent 200 trials, not only was 
a large, erect triangle substituted for 
the large circle of the original training, 
but a small, inverted triangle was also 
substituted for the small circle. The 
form preference test then consisted of 
the opposition of erect and inverted 
triangles of equal size. The principle 
to be tested remains the same—the rat 
is first given a set to size by training 
on two figures of the same form which 
differ only in size; he is then trained 
for a large number of trials on figures 
which differ not only in size but in form; 
a test for discrimination of these forms 
follows, in which the size difference no 
longer obtains. 

We trained five rats on the Lashley 
jumping stand to choose the larger of 
two circles, 10 cm. and 6 cm. in di- 
ameter, to a criterion of 20 consecutive 
errorless trials. This differentiation was 
established in an average of 96 trials, 
15 errors. Then in 10 critical trials the 
animals were tested with an inverted 
equilateral triangle, 6 cm. on a side, 
versus an erect one, 10 cm. on a side. 
Animals A, B, and C chose the large 
erect triangle without error; animal D 
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made three errors, and animal E, five. 
The two animals making errors were 
retrained to the same criterion on the 
original differentiation of the cjrcles, D 
taking 60 trials, 4 errors, and E, 40 
trials, 5 errors. In a second set of 10 
critical trials, they too now chose the 
large erect triangle 10 times out of 10. 
Then all animals were given 200 trials 
with the large erect triangle positive and 
the small inverted triangle negative, 
averaging 0.6 errors. Twenty critical 
trials followed in which erect and in- 
verted triangles of equal area (both in- 
termediate in size between the original 
large and small figures) were presented. 
‘ Animals A, B, C, and D chose the erect 
one in all 20 trials, animal E in 19 out 
of 20 trials. Our rats had evidently 
learned to discriminate the forms, de- 
spite a set presumably only to size. 

It might be argued that, since the 
animal on the jumping stand tends to 
fixate the lower part of the cards, he 
had been reacting in the original train- 
ing not to size, but to something else 
such as relative curvature or width of 
the base of the circles. Then he would 
naturally transfer to the triangles be- 
cause a similar difference exists in them, 
and he would likewise prefer the erect 
one even when they were of the same 
size. But if this criticism is valid for 
our experiment, it is also valid for 
Lashley’s, and his rats should have dem- 
onstrated a preference on the second 
test. Though the difference was greater 
in the case of our experiment, his was 
surely discriminable. 

Another explanation of our results 
might be in terms of the relative domi- 
nance of peceptual organizations. Con- 
cerning his own experiment Lashley 
stated that the non-continuity theory 
“predicts that no new associations will 
be formed, provided that the new com- 
ponent does not arouse a perceptual 
organization dominant over the first” 
(18, p. 258). In our experiment, then, 


the form difference of the two triangles 
must have aroused a perceptual organi- 
zation dominant over the size difference. 
However, in the absence of any princi- 
ples informing us as to when an animal’s 
set will spontaneously change even 
though he continues to be completely 
successful with the set to which he has 
been trained, and since the apparent 
smooth, uninterrupted continuity of the 
responses offered us no clue that such 
a change occurred sometime during the 
training, we have no way of evaluating 
this criticism. 

We have already described Spence’s 
1945 experiment (32). All of his ani- 
mals were first given a position habit; 
then the experimental group was trained 
either to black or white for 20 trials, 
during which half of them maintained 
their response to the preferred position. 
Spence reports that, after the position 
habit was broken and training was 
started on the final problem, the experi- 
mental group showed an immediate 
preference for the stimulus which had 
been correct during presolution trials. 
As we have mentioned, these animals 
were significantly inferior to the con- 
trols in learning the reversed discrimina- 
tion. There was only a difference of 
6 trials between the averages for the half 
of the the experimental group which: did 
and the half which did not maintain the 
position habit, while their differences 
from the control group were 28 ané 22 
trials, respectively. These facts further 
support the view that during the time 
when an animal has a set to one aspect 
of the stimuli, it is possible for him to 
acquire associations with other aspects, 
for Spence’s animals evidently acquired 
associations with the brightness of the 
alleys while they were responding on 
the basis of position. 


THE CORRELATION METHOD AS APPLIED 
TO THE CONTROVERSY 


Spence (28) presented evidence which 
he interpreted as indicative of the cumu- 
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lative nature of the learning process. 
This material was drawn from a correla- 
tional analysis of the results of an ex- 
periment on chimpanzees. He had 
trained them to a discrimination of each 
of several pairs of figures; various com- 
binations of the figures were then op- 
posed and the animals trained to a 
criterion. A high correlation (rank 
order) existed between the differences 
in excitatory strength of the two stimuli 
(as measured by the number of times 
each had been taken in previous learn- 
ing) and measures of learning rate in the 
new habits. From this analysis he con- 
cluded that discrimination learning in 
animals is a cumulative process depend- 
ent on previous reinforcements, and not 
a series of “hypotheses” or “attempts 
at solution.” Lashley (18) repeated 
Spence’s experiment in its essentials, 
using rats. He likewise found a high 
rank order correlation between the esti- 
mate of habit strength (number of times 
the stimulus now negative had been re- 
inforced in the original training prob- 
lems subtracted from the number of 
times the positive stimulus had been re- 
inforced) and error score in the subse- 
quent problems. 

However, Lashley questions Spence’s 
interpretation of the meaning of this 
correlation, for he points out that a 
high correlation may exist between two 
arrays even if the values of one of them 
are in part determined by chance. 
Hence it is possible that trials on which 
the animal is making systematic errors 
contribute nothing to the strength of 
association, for the inclusion of such 
trials in the total mass of data does not 
preclude a high correlation between 
habit strength and error score. From 
these considerations it follows that 
Spence’s results are not conclusive with 
regard to the issue between continuity 
and noncontinuity theories. 

Lashley believes that if the continuity 





theory is correct, the omission ° of trials 
in which the animal was exhibiting some 
systematic reaction should reduce the 
correlation. The non-continuity theory, 
on the contrary, would predict an in- 
crease. He recomputed the ‘habit 
strength weightings by subtracting all 
trials in which reaction to position was 
dominant, and correlated these new 
weightings with error score. Since the 
correlations were, on the average, raised 
by .05, he concluded that the positional 
responses were not contributing to the 
habit strength, or in other words, that 
positional habit strength itself does not 
have a high correlation with error score. 

Using test 1, the test to which Lash- 
ley and Spence raise the least methodo- 
logical objection, we have computed the 
product-moment correlation of total 
habit strength and error score. We find 
it to be — .66 (Lashley’s rank order 
correlation, — .82). Our product-mo- 
ment correlation between his revised 
habit strength weighting (habit strength 
remaining after that due to positional 
responses was subtracted) and errors is 
— .58 (Lashley’s, — .77). Further, we 
have computed the correlation (product- 
moment) of the positional habit strength 
and error score, which Lashley did not 
compute, and find this to be — .56. 
This correlation is significant at the 3 
per cent level. These statistics indicate 
that in this problem the habit strength 
acquired by reactions to positional cues 
is correlated with the measure of 
strength of association, the point spe- 
cifically denied by the non-continuity 
theorists. 

We have also computed the partial 
correlation of total habit strength and 
error score, with positional responses 
partialled out, and find that our previous 
correlation (— .66) is thereby reduced 
to — 43. That the removal of the 


5 Omission of these trials, it may be pointed 
out, does not remove their influence on the 
remaining trials. 
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variability due to positional responses in 
the total estimate of habit strength 
would reduce this correlation is another 
point which Lashley’s statement of what 
would be expected from the hypothesis 
of the non-continuity of learning would 
deny. 

Lashley expresses the view that cor- 
relations based on samples as small as 
those of his own and Spence’s experi- 
ments are likely to be spurious, because 
they may arise from artifacts such as 
differences in direction of the animals’ 
previous training, without any essential 
co-variation between the two variables, 
habit strength and error score. On two 
of his tests (3 and 5) he split the group 
according to whether the stimulus now 
positive had been positive or negative in 
previous learning, and found the reduc- 
tions in correlation of habit strength and 
error score, he says, greater than would 
be expected from “reduction in range.” 

In test 3, Lashley’s correlation “for all 
cases” is — .74; after the group is split, 
he reports that the correlation of habit 
strength and errors in the “positive to 
formerly negative” sub-group is reduced 
to — .18, and in the “positive to for- 
merly positive” sub-group, to + .15. An 
examination of the scatter diagram of 
the scores for all cases caused us to com- 
pute the product-moment correlation in 
the “positive to formerly negative” sub- 
group. We find it to be — .58 (the prod- 
uct-moment correlation “for all cases” is 
— .78). In the “positive to formerly 
positive” sub-group, there is essentially 
no correlation. However, the data sug- 
gest that this lack of correlation is a 
function of the almost complete lack 
of variability in error score in these ani- 
mals with positive habit strength to the 
correct stimulus, five of the seven ani- 
mals making six or fewer errors on this 
test. Since less than zero errors are not 
possible, these cases, all with high habit 
strengths to the correct stimulus, pile up 
near zero, and therefore preclude the 


existence of a correlation. The dif- . 
ferences between the groups according to 
the direction of training thus seems not 
to be evidence against the relationship 
of habit strength and error score within 
the limits usually implied, but rather to 
arise from the restricted magnitudes and 
range used.° 

For test 5 there is a discrepancy be- 
tween the correlations reported ‘for all 
cases’ in Lashley’s Tables 2 and 4; in 
the former it is given as — .29 and in the 
latter — .70. Consequently, we recom- 
puted the rank-order correlation from 
the raw data of Table 1. We find it to 
be —.19. The scores themselves as 
published seem suspect, because the first 
eight rats, regardless of the direction of 
training, show a high positive correla- 
tion of habit strength and subsequent 
errors, while the second eight show a 
high negative correlation. 

For these reasons, Lashley’s conclu- 
sion that the correlations of habit 
strength and error score for all cases re- 
sult from artifacts such as differences 
in direction of training seems insecurely 
based. These results also were cited as 
indicating “the untrustworthiness of cor- 
relations based upon small samples.” 
We would say that such correlations are 
no more untrustworthy than others, if 
properly used. It is justifiable to say 
that correlations based upon small sam- 
ples are unstable by comparison with 
those based on large samples, that is, 
that small sample r’s have larger prob- 
able errors than large sample r’s, and as 
a direct consequence of this, larger r’s 
are needed for significance in small sam- 
ples. But once the significance is es- 
tablished, there is no difference in mean- 
ing, regardless of the size of the sample. 
The only difference is that a different 


6A similar situation exists in Spence’s Test 
3. We find a rank-order correlation of — .50 
in the “positive to formerly negative” sub- 
group, while in the other sub-group the cor- 
relation is near zero. 
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criterion must be met to attain signifi- 
cance. 


SUMMARY AND DISCUSSION 


The first question to which this paper 
is directed is, What is the effect, if any, 
of reversed pretraining? We advance 
the hypothesis that the contradictory ex- 
perimental results are functions of dif- 
ferent experimental designs. Under con- 
ditions of massed trials, punishment, and 
difficult discriminations, the effect on 
the subsequent learning of the reversed 
problem in terms of trials and errors 
will apparently tend to support the non- 
continuity theory; with spaced trials, no 
punishment, and easy problems, the re- 
sults will be seemingly confirmatory of 
the view that the learning process is con- 
tinuous. The principles of the generali- 
zation of stimulus compounds and of in- 
hibition are invoked in explanation of 
these divergent outcomes. Another is- 
sue with which we are here concerned is, 
Does the animal’s preliminary set to 
respond to one aspect or organization of 
the stimulus aggregate prevent the for- 
mation of demonstrable associations 
with other possible organizations or as- 
pects? Lashley’s experiment indicates 
an affirmative answer to this question; 
those of Spence and of the authors, a 
negative one. Our experiment was an 
exact repetition of Lashley’s, except for 
the one feature that in the final test for 
form preference (when the size differ- 
ence was eliminated), we did not require 
the original form used in establishing 
the set to size to be differentiated. The 
result of this experiment lends credence 
to our view that Lashley’s training 
tended to establish the equivalence of 
the forms he later required the rats to 
differentiate. 

- An empirical basis of Lashley’s op- 
position to the continuity postulate is 
that he has repeatedly found in transfer 
tests that some of the aspects of the 
training stimuli, such as size, form, 


brightness, etc., when tested in and of 
themselves, or rather in other contexts, 
are not such as to cause the animal 
to respond differentially (e.g.,17). This 
critical approach seems to be based on 
outmoded implications of the “all stimuli 
are associated” postulate. Hull’s more 
recent expressions have been that all 
stimuli are associated in terms of their 
contributions to and interactions in the 
afferent stimulus configuration (6, 7). 
Lashley’s transfer tests are obviously 
not an adequate test of the postulate in 
this form. Hull (7) has suggested a 
unit and a method for the determination 
of the amount of afferent neural inter- 
action in various configurational situa- 
tions. 

That animals learn more than a par- 
ticular cue which differentiates the dis- 
criminanda is shown by several lines of 
evidence. The hesitation and vacilla- 
tion often shown by animals when the 
stimuli are modified or the context is 
changed seems to indicate that they 
“notice” the change even if their differ- 
ential response as measured by “Right” 
and “Wrong” continues unaltered. Fur- 
ther evidence comes from Lashley’s find- 
ing that if rats had been taught a form 
discrimination, reversal of the bright- 
ness relationships of figure and ground 
caused a complete breakdown of the 
habit (17). Pratt (24) found that 
brightness preference after training in 
size discrimination was affected by the 
brightness of the background in the origi- 
nal training. On the other hand, Lash- 
ley has often found that wide changes 
in the stimuli do not affect the accuracy 
of the discrimination. He has concluded 
from this that the elements which can 
be changed with impunity and which are 
not in themselves effective for a dis- 
criminative reaction were not associated 
in the original learning. It is true that 
no evidence is presented by these facts 
that all stimuli are associated, but his 
conclusion that Hull’s postulate is “de- 
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monstrably false” (19) is not justified, 
except on the obviously incorrect as- 
sumption that all learning must be re- 
flected by a measure of only the ani- 
mal’s direction of response in a certain 
arbitrarily selected performance. 

The third question discussed concerns 
the significance for the continuity issue 
of the correlation existing between differ- 
ential “excitatory strength” of the dis- 
criminanda and subsequent error scores. 
Lashley contends that this relationship 
has no significance for the issue, and we 
would agree that this single correlation 
per se is not enough to justify the con- 
clusion that systematic presolution re- 
sponses contribute to the strength of as- 
sociation with the relevant differentia. 
However, we were able to show by the 
correlation method that in the problem 
used such responses do contribute to the 
total habit strength, for they themselves 
are significantly correlated with error 


score. 
We frankly admit that we set out in 


our examination of the literature perti- 
nent to this controversy with a bias in 
favor of the Hull theory. That “all 
stimuli are associated” might well be a 
useful postulate even if it were the case 
only under certain ideal conditions, 
never realizable in practice. The law of 
falling bodies is an analogue from phys- 
ical theory, which is never ‘true’ em- 
pirically. It might be said that there 
were facts which made it possible to 
deny that bodies fall at 32 feet per sec- 
ond per second, but the imposition of 
limiting conditions, i.e., that the body 
be in a vacuum and that the gravita- 
tional constant have a certain value, 
make it a useful assumption. The pres- 
ent difficulties with the continuity pos- 
tulate are (a) that other concepts such 
as extinction, reactive inhibition, and 
conditioned inhibition, and the effects 
of differences in experimental procedure 
on these variables, which in the Hull 
system oppose the association of all 


stimuli, are not sufficiently taken into 
account; and (b) that the continuity 
theorists have not as yet put their pos- 
tulates regarding these variables in 
quantitative form so that the amounts of 
each can be computed in a specific ex- 
perimental situation. “Attention” does 
not set proper limiting conditions on the 
postulate in question unless suitable ob- 
jective referents can be found from 
which we may infer the direction of the 
animal’s attention. The operational cri- 
terion which one side has previously 
suggested (systematic behavior with re- 
spect to certain features of the stimuli) 
is clearly not broad enough to encom- 
pass all cases where associations are 
formed. The explanations we have sug- 
gested for the experiments of Hull’s 
critics have hence in almost every case 
been post hoc. But speculations of this 
nature may possibly be of some aid in 
the discovery of the important dimen- 
sions of variability from the situation in 
which the postulate comes closest to iso- 
lated or independent operation. 
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THE FORMATION OF LEARNING SETS ”*’ 


BY HARRY F. HARLOW 


University of Wisconsin 


In most psychological ivory towers 
there will be found an animal labora- 
tory. The scientists who live there 
think of themselves as theoretical psy- 
chologists, since they obviously have no 
other rationalization to explain their ex- 
travagantly paid and idyllic sinecures. 
These theoretical psychologists have one 
great advantage over those psychological 
citizens who study men and women. 
The theoreticians can subject their sub- 
human animals, be they rats, dogs, or 
monkeys, to more rigorous controls than 
can ordinarily be exerted over human 
beings. The obligation of the theoreti- 
cal psychologist is to discover general 
laws of behavior applicable to mice, 
monkeys, and men. In this obligation 
the theoretical psychologist has often 
failed. His deductions frequently have 
had no generality beyond the species 
which he has studied, and his laws have 
been so limited that attempts to apply 
them to man have resulted in confusion 
rather than clarification. 

One limitation of many experiments 
on subhuman animals is the brief period 
of time the subjects have been studied. 
In the typical problem, 48 rats are ar- 
ranged in groups to test the effect of 
three different intensities of stimulation 
operating in conjunction with two dif- 
ferent motivational conditions upon the 
formation of an isolated conditioned 
response. A _ brilliant Blitzkrieg re- 
search is effected—the controls are per- 


1 This paper was presented as the presiden- 
tial address of the Midwestern Psychological 
Association meetings in St. Paul, May 7, 1948. 

2 The researches described in this paper were 
supported in part by grants from the Special 
Research Fund of the University of Wisconsin 
for 1944-48. 


fect, the results are important, and the 
rats are dead. 

If this do and die technique were 
applied widely in investigations with 
human subjects, the results would be ap- 
palling. But of equal concern to the 
psychologist should be the fact that the 
derived general laws would be extremely 
limited in their application. There are 
experiments in which the use of naive 
subjects is justified, but the psychologi- 
cal compulsion to follow this design in- 
dicates that frequently the naive ani- 
mals are to be found on both sides of 
the one-way vision screen. 

The variety of learning situations that 
play an important réle in determining 
our basic personality characteristics and 
in changing some of us into thinking 


animals are repeated many times in 
similar form. The behavior of the hu- 
man being is not to be understood in 
terms of the results of single learning 
situations but rather in terms of the 
changes which are affected through mul- 
tiple, though comparable, learning prob- 


lems. Our emotional, personal, and in- 
tellectual characteristics are not the mere 
algebraic summation of a near infinity 
of stimulus-response bonds. The learn- 
ing of primary importance to the pri- 
mates, at least, is the formation of learn- 
ing sets; it is the /earning how to learn 
efficiently in the situations the animal 
frequently encounters. This learning 
to learn transforms the organism from a 
creature that adapts to a changing en- 
vironment by trial and error to one that 
adapts by seeming hypothesis and in- 
sight. 

The rat psychologists have largely ig- 
nored this fundamental aspect of learn- 
ing and, as a result, this theoretical 
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domain remains a terra incognita. If 
learning sets are the mechanisms which, 
in part, transform the organism from 
a conditioned response robot to a rea- 
sonably rational creature, it may be 
thought that the mechanisnis are too in- 
tangible for proper quantification. Any 
such presupposition is false. It is the 
purpose of this paper to demonstrate 
the extremely orderly and quantifiable 
nature of the development of certain 
learning sets and, more broadly, to in- 
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dicate the importance of learning sets 
to the development of intellectual or- 
ganization and personality structure. 

The apparatus used throughout the 
studies subsequently referred to is illus- 
trated in Fig. 1. The monkey responds 
by displacing one of two stimulus-objects 
covering the food-wells in the tray be- 
fore him. An opaque screen is inter- 
posed between the monkey and the 
stimulus situation between trials and a 
one-way vision screen separates monkey 
and man during trials. 
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The first problem chosen for the in- 
vestigation of learning sets was the 
object-quality discrimination learning 
problem. The monkey was required to 
choose the rewarded one of two objects 
differing in multiple characteristics and 
shifting in the left-right positions in a 
predetermined balanced order. A series 
of 344 such problems using 344 different 
pairs of stimuli was run on a group of 
eight monkeys. Each of the first 32 
problems was run for 50 trials; the next 
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200 problems for six trials; and the 
last 112 problems for an average of nine 
trials. 

In Fig. 2 are presented learning 
curves which show the per cent of cor- 
rect responses on the first six trials of 
these discriminations. The data for the 
first 32 discriminations are grouped for 
blocks of eight problems, and the re- 
maining discriminations are arranged in 
blocks of 100, 100, 56, and 56 problems. 
The data indicate that the subjects 
progressively improve in their ability to 





learn object-quality discrimination prob- 
lems. The monkeys learn how to learn 
individual problems with a minimum of 
errors. It is this learning how to learn 
a kind of problem that we designate by 
the term learning set. 

The very form of the learning curve 
changes as learning sets become more 
efficient. The form of the learning curve 
for the first eight discrimination prob- 
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of a learning set, is a highly predictable, 
orderly process which can be demon- 
strated as long as controls are main- 
tained over the subjects’ experience and 
the difficulty of the problems. Our sub- 
jects, when they started these researches, 
had no previous laboratory learning ex- 
perience. Their entire discrimination 
learning set history was obtained in this 
study. The stimulus pairs employed 
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Fic. 2. Discrimination learning curves on successive blocks 
of problems. 


lems appears S-shaped: it could be de- 
scribed as a curve of ‘trial-and-error’ 
learning. The curve for the last 56 
problems approaches linearity after 
Trial 2. Curves of similar form have 
been described as indicators of ‘insight- 
ful’ learning. 

We wish to emphasize that this /earn- 
ing to learn, this transfer from problem 
to problem which we call the formation 





had been arranged and their serial order 
determined from tables of random num- 
bers. Like nonsense sy!'ables, the stim- 
ulus pairs were equated for difficulty. 
It is unlikely that any group of prob- 
lems differed significantly in intrinsic 
difficulty from any other group. 

In a conventional learning curve we 
plot change of performance over a series 
of trials; in a learning set curve we plot 
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change in performance over a series of 
problems. It is important to remember 
that we measure learning set in terms of 
problems just as we measure habit in 
terms of trials. 

Figure 3 presents a discrimination 


learning set curve showing progressive 
increase in the per cent of correct re- 
sponses on Trials 2-6 on successive 
blocks of problems. This curve appears 
to be negatively accelerated or possibly 
linear. 
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responses: normal and operated monkeys. 
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Discrimination learning set curves ob- 
tained on four additional naive normal 
monkeys and eight naive monkeys with 
extensive unilateral cortical lesions, are 
shown in Fig. 4. Brain-injured as well 
as normal monkeys are seen to form ef- 
fective discrimination learning sets, al- 
though the partial hemidecorticate mon- 
keys are less efficient than the normal 
subjects. Improvement for both groups 
is progressive and the fluctuations that 
occur may be attributed to the small 
number of subjects and the relatively 
small number of problems, 14, included 
in each of the problem blocks presented 
on the abscissa. 

Through the courtesy of Dr. Margaret 
Kuenne we have discrimination learning 
set data on another primate species. 
These animals were also run on a series 
of six-trial discrimination problems but 
under slightly different conditions. Mac- 
aroni beads and toys were substituted 
for food rewards, and the subjects were 
tested sans iron-barred cages. The data 
for these 17 children, whose ages range 
from two to five years and whose intel- 
ligence quotients range from 109 to 151, 
are presented in Fig. 5. Learning set 


curves are plotted for groups of children 
attaining a predetermined learning cri- 
terion within differing numbers of prob- 
lem blocks. In spite of the small num- 
ber of cases and the behavioral vagaries 
that are known to characterize this pri- 
mate species, the learning set curves 
are orderly and lawful and show progres- 
sive increase in per cent of correct re- 
sponses. 

Learning set curves, like learning 
curves, can be plotted in terms of cor- 
rect responses or errors, in terms of re- 
sponses on any trial or total trials. A 
measure which we have frequently used 
is per cent of correct Trial 2 responses— 
the behavioral measure of the amount 
learned on Trial 1. 

Figure 6 shows learning set curves 
measured in terms of the per cent cor- 
rect Trial 2 responses for the 344-prob- 
lem series. The data from the first 32 
preliminary discriminations and the 312 
subsequent discriminations have been 
plotted separately. As one might ex- 
pect, these learning set curves are similar 
to those that have been previously pre- 
sented. What the curves show with es- 
pecial clarity is the almost unbelievable 
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change which has taken place in the 
effectiveness of the first training trial. 
In the initial eight discriminations, this 
single paired stimulus presentation 
brings the Trial 2 performance of the 
monkeys to a level less than three per 
cent above chance; in the last 56 dis- 
criminations, this first training trial 
brings the performance of the monkeys 
to a level less than three per cent short 
of perfection. Before the formation of a 
discrimination learning set, a single 
training trial produces negligible gain; 
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which is initially difficult for a subject 
into a problem which is so simple as 
to be immediately solvable. The learn- 
ing set is the mechanism that changes 
the problem from an intellectual tribu- 
lation into an intellectual triviality and 
leaves the organism free to attack prob- 
lems of another hierarchy of difficulty. 

For the analysis of learning sets in 
monkeys on a problem that is ostensibly 
at a more complex level than the dis- 
crimination problem, we chose the dis- 
crimination reversal problem. The pro- 
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Discrimination learning set curve based on Trial 2 


responses. 


after the formation of a discrimination 
learning set, a single training trial con- 
stitutes problem solution. ‘These data 
clearly show that animals can gradually 
learn insight. 

In the final phase of our discrimina- 
tion series with monkeys there were sub- 
jects that solved from 20 to 30 consecu- 
tive problems with no errors whatsoever 
following the first blind trial,—and 
many of the children, after the first day 
or two of training, did as well or better. 

These data indicate the function of 
learning set in converting a problem 


cedure was to run the monkeys on a 
discrimination problem for 7, 9, or 11 
trials and then to reverse the reward 
value of the stimuli for eight trials; 
that is to say, the stimulus previously 
correct was made incorrect and the 
stimulus previously incorrect became 
correct. 

The eight monkeys previously trained 
on discrimination learning were tested 
on a series of 112 discrimination reversal 
problems. Discrimination reversal learn- 
ing curves for successive blocks of 28 
problems are shown in Fig. 7. The 
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measure used is per cent of correct re- 
sponses on Reversal Trials 2 to 6. Fig- 
ure 8 presents data on the formation of 
the discrimination reversal learning set 
in terms of the per cent of correct re- 


sponses on Reversal Trial 2 for succes- 


sive blocks of 14 problems. Reversal 
Trial 2 is the first trial following the 
‘informing’ trial, i.e., the initial trial 
reversing the reward value of the stimuli. 


Reversal Trial 2 is the measure of the 
effectiveness with which the single in- 
forming trial leads the subject to 
abandon a reaction pattern which has 
proved correct for 7 to 11 trials, and to 
initiate a new reaction pattern to the 
stimulus pair. On the last 42 discrimi- 
nation reversal problems the monkeys 
were responding as efficiently on Re- 
versal Trial 2 as they were on comple- 
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mentary Discrimination Trial 2, ie., 
they were making over 97 per cent cor- 
rect responses on both aspects of the 
problems. The eight monkeys made 
from 12 to 57 successive correct second 
trial reversal responses. Thus it be- 
comes perfectly obvious that at the end 
of this problem the monkeys possessed 
sets both to learn and to reverse a re- 
action tendency, and that this behavior 
could be consistently and immediately 
elicited with hypothesis-like efficiency. 

This terminal performance level is 
likely to focus undue attention on the 
one-trial learning at the expense of the 
earlier, less efficient performance levels. 
It should be kept in mind that this one- 
trial learning appeared only as the end 
result of an orderly and progressive 
learning process; insofar as these sub- 
jects are concerned, the insights are 
only to be understood in an historical 
perspective. 

Although the discrimination reversal 


problems might be expected to be more 
difficult for the monkeys than discrimi- 
nation problems, the data of Fig. 9 in- 
dicate that the discrimination reversal 
learning set was formed more rapidly 
than the previously acquired discrimina- 
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tion learning set. The explanation prob- 
ably lies in the nature of the transfer of 
training from the discrimination learn- 
ing to the discrimination reversal prob- 
lems. A detailed analysis of the dis- 
crimination learning data indicates the 
operation throughout the learning series 
of certain error-producing factors, but 
with each successive block of problems 
the frequencies of errors attributable to 
these factors are progressively decreased, 
although at different rates and to dif- 
ferent degrees. The process might be 
conceived of as a learning of response 
tendencies that counteract the error- 
producing factors. A description of the 
reduction of the error-producing factors 
is beyond the scope of this paper, even 
though we are of the opinion that this 
type of analysis is basic to an adequate 
theory of discrimination learning. 

Suffice it so say that there is reason 
to believe that there is a large degree of 
transfer from the discrimination series 
to the reversal series, of the learned 
response tendencies counteracting the 
operation of two of the three primary 
error-producing factors thus far identi- 
fied. 

The combined discrimination and dis- 
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Discrimination reversal and discrimination learning 
set curves based on Trial 2 responses. 
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crimination reversal data show clearly 
how the learning set delivers the animal 
from Thorndikian bondage. By the 
time the monkey has run 232 discrimi- 
nations and followed these by 112 dis- 
criminations and reversals, he does not 
possess 344 or 456 specific habits, bonds, 
connections or associations. We doubt 
if our monkeys at this time could re- 
spond with much more than chance ef- 
ficiency on the first trial of any series 
of the previously learned problems. But 


We believe that. other learning sets 
acquired in and appropriate to the mon- 
key’s natural environment would enable 
him to adapt better to the changing con- 
ditions there. We are certain, more- 
over, that learning sets acquired by man 
in and appropriate to his environment 
have accounted for his ability to adapt 
and survive. 

Before leaving the problem of dis- 
crimination reversal learning we submit 


one additional set of data that we feel 
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3. 10. Discrimination reversal learning set curve based on 
Trial 2 responses: children. 


the monkey does have a generalized 
ability to learn any discrimination prob- 
lem or any discrimination reversal prob- 
lem with the greatest of ease. Training 
on several hundred specific problems has 
not turned the monkey into an automa- 
ton exhibiting forced, sterotyped, reflex 
responses to specific stimuli. These 
several hundred habits have, instead, 
made the monkey an adjustable creature 
with an increased capacity to adapt to 
the ever-changing demands of a psy- 
chology laboratory environment. 
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merits attention. Nine of the children 
previously referred to were also sub- 
jected to a series of discrimination re- 
versal problems. The outcome is par- 
tially indicated in Fig. 10 which shows 
the per cent of correct Reversal Trial 2 
responses made on successive blocks of 
14 problems. It can be seen that these 
three to five-year-old children clearly 
bested the monkeys in performance on 
this series of problems. Trial 2 re- 
sponses approach perfection in the sec- 
ond block of 14 discrimination reversal 





60 


problems. Actually, over half of the 
total Trial 2 errors were made by one 
child. 

These discrimination reversal data on 
the children are the perfect illustration 
of set formation and transfer producing 
adaptable abilities rather than specific 
bonds. Without benefit of the mon- 
key’s discrimination reversal set learning 
curves we might be tempted to assume 
that the children’s data indicate a gulf 
between human and subhuman learning. 
But the extremely rapid learning on the 
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mediately by ten right-position discrimi- 
nation trials with the same _ stimuli 
continuing to shift in the right-left posi- 
tions in predetermined orders. In the 
first 7 to 11 trials, a particular object 
was correct regardless of its position. 
In the subsequent 10 trials, a particular 
position—the experimenter’s right posi- 
tion—was correct, regardless of the ob- 
ject placed there. Thus to solve the 
problem the animal had to respond to 
object-quality cues and disregard posi- 
tion cues in the first 7 to 11 trials and, 
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Learning set curves for problem requiring shift from object-quality discrimina- 
tion to right-position discrimination. 


part the children is not unlike the rapid 
learning on the part of the monkeys, and 
analysis of the error-producing factors 
shows that the same basic mechanisms 
are operating in both species. 

Following the discrimination reversal 
problem the eight monkeys were pre- 
sented a new series of 56 problems de- 
signed to elicit alternation of unequivo- 
cally antagonistic response patterns. 
The first 7, 9, or 11 trials of each prob- 
lem were simple object-quality discrimi- 
nation trials. These were followed im- 





following the failure of reward of the 
previously rewarded object, he had to 
disregard object-quality cues and re- 
spond to position cues. 

The learning data on these two an- 
tagonistic tasks are presented in Fig. 11. 
It is to be noted that the object-quality 
curve, which is based on Trials 1 to 7, 
begins at a very high level of accuracy, 
whereas the position curve, plotted for 
Trials 1 to 10, begins at a level little 
above chance. This no doubt reflects 
the operation of the previously well- 





Tue FORMATION OF LEARNING SETS 61 


established object-quality discrimination 
learning set. As the series continues, the 
object-quality curve shows a drop until 
the last block of problems, while the 
position curve rises progressively. In 
the evaluation of these data, it should be 
noted that chance performance is 50 per 
cent correct responses for the object- 
quality discriminations and 45 per cent 
for the position discriminations, since 
each sequence of 10 position trials in- 
cludes an error “informing” trial. It 
would appear that the learning of the 
right-position discriminations interferes 
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the last 14 problems is indicated in Fig. 
12. Since the right-position part of the 
problem was almost invariably initiated 
by an error trial, these data are limited 
to those problems on which the first trial 
object-quality discrimination response 
was incorrect. The per cent of correct 
Trial 7 responses to the ‘A’ object, the 
correct stimulus for the object-quality 
discriminations, is 98. The initiating 
error trial which occurs when the prob- 
lem shifts without warning to a right- 
position problem, drops this per cent 
response to the ‘A’ object to 52—a level 
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Object and position choices following initial errors on both phases of 


object-position shift series, based on problems 42-56. 


with the learning of the object-quality 
discriminations to some extent. In spite 
of this decrement in object-quality dis- 
crimination performance for a time, the 
subjects were functioning at levels far 
beyond chance on the antagonistic parts 
of the problems during the last half of 
the series. We believe that this behavior 
reflects the formation of a right-position 
learning set which operates at a high 
degree of independence of the previously 
established object-quality discrimination 
learning set. 

The precision of the independent op- 
eration of these learning sets throughout 
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barely above chance. The per cent of 
Trial 7 responses to the right position 
during the object-quality discriminations 
is 52. The single error trial initiating 
the shift of the problem to a right- 
position discrimination is followed by 97 
per cent right-position responses on the 
next trial. In other words, it is as 
though the outcome of a single push of 
an object is adequate to switch off the 
‘A’-object choice reaction tendency and 
to switch on the right-position choice 
reaction tendency. 

The cue afforded by a single trial pro- 
duces at this point almost complete dis- 
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continuity of the learning process. The 
only question now left unsettled in the 
controversy over hypotheses in subhu- 
man animals is whether or not to use 
this term to describe the behavior of a 
species incapable of verbalization. 
Again, it should be remembered that 
both the object-quality discrimination 
learning set and the right-position dis- 
crimination learning set developed in a 
gradual and orderly manner. Only after 
the learning sets are formed do these 
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position and left-position problems pre- 
sented alternately. The remaining five 
blocks of problems continued the alter- 
nate presentation of 14 object-quality 
discrimination problems and 14 right- 
left positional discrimination problems. 
Figure 13 presents curves showing the 
per cent of correct responses on total 
trials on these alternate blocks of an- 
tagonistic discriminations. The complex 
positional discrimination learning set 
curve shows progressive improvement 
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Fic. 13. Learning set curves for problem series with alternating ‘object- 
quality and positional discriminations, based on total trial responses. 


phenomena of discontinuiy in learned 
behavior appear. 

Further evidence for the integrity of 
learning sets is presented in an addi- 
tional experiment. Six monkeys with 
object-quality discrimination learning 
experience, but without training on re- 
versal problems or position discrimina- 
tions, were given seven blocks of 14 
problems each, starting with a block of 
25-trial object-quality discriminations, 
followed by a block of 14 25-trial posi- 
tional discriminations composed of right- 





throughout the series, whereas the ob- 
ject-quality discrimination curve begins 
at a high level of accuracy, shows decre- 
ment on the second block, and subse- 
quently recovers. By the end of the 
experiment the two basically antagonis- 
tic learning sets had ‘learned’ to live 
together with a minimum of conflict. 
These data are the more striking if it 
is recalled that between each two blocks 
of object-quality discriminations there 
were 350 trials in which no object was 
differentially rewarded, and between 
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each two blocks of 14 positional dis- 
criminations there were 350 trials in 
which no position was differentially re- 
warded. 

In Fig. 14 we present additional total- 
trial data on the formation of the posi- 
tional learning set. These data show 
the change in performance on the first 
and last seven positional discriminations 
in each of the three separate blocks of 
positional discriminations. The inter- 
posed object-quality discrimination prob- 
lems clearly produced interference, but 


112 six-trial discriminations. The lower 
curves show total errors on an additional 
group of 56 discriminations presented 
one year later. In both situations the 
full-brained monkeys make significantly 
better scores, but one should note that 
the educated hemidecorticate animals 
are superior to the uneducated unoper- 
ated monkeys. Such data suggest that 
half a brain is better than one if you 
compare the individuals having appro- 
priate learning sets with the individuals 
lacking them. 
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based on total trial responses. 


Right-left positional discrimination learning set curve 


(Data on antagonistic object- 


quality discrimination problems omitted.) 


they did not prevent the orderly devel- 
opment of the positional learning sets, 
nor the final attainment of a high level 
of performance on these problems. 

We have data which suggest that the 
educated man can face arteriosclerosis 
with confidence, if the results on brain- 
injured animals are applicable to men. 
Figure 15 shows discrimination learning 
set curves for the previously described 
groups of four normal monkeys and 
eight monkeys with very extensive uni- 
lateral cortical injury. The upper curves 
show total errors on an initial series of 
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More seriously, these data may indi- 
cate why educated people show less ap- 
parent deterioration with advancing age 
than uneducated individuals, and the 
data lend support to the clinical obser- 
vation that our fields of greatest pro- 
ficiency are the last to suffer gross 
deterioration. 

Although our objective data are 
limited to the formation of learning sets 
which operate to give efficient perform- 
ance on intellectual problems, we have 
observational data of a qualitative na- 
ture on social-emotional changes in our 
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animals. When the monkeys come to us 
they are wild and intractable but within 
a few years they have acquired, from the 
experimenter’s point of view, good per- 
sonalities. Actually we believe that one 
of the very important factors in the de- 
velopment of the good personalities of 
our monkeys is the formation of social- 
emotional learning sets organized in a 
manner comparable with the intellectual 
learning sets we have previously de- 
scribed. Each contact the monkey has 
with a human being represents a single 
specific learning trial. Each person rep- 
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freedom. Actually a learning set once 
formed determines in large part the na- 
ture and direction of stimulus generali- 
zation. In the classic study in which 
Watson conditioned fear in Albert, the 
child developed a fear of the rat and 
generalized this fear, but failed to de- 
velop or generalize fear to Watson, even 
though Watson must have been the more 
conspicuous stimulus. Apparently Al- 
bert had already formed an affectional 
social-emotional learning set to people, 
which inhibited both learning and sim- 
ple Pavlovian generalization. 
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Fic. 15. Discrimination learning set curves based on total error responses: 


normal and operated monkeys. 


resents a separate problem. Learning to 
react favorably to one person is followed 
by learning favorable reactions more 
rapidly to the next person to whom the 
monkey is socially introduced. Experi- 
ence with additional individuals enables 
the monkey to learn further how to be- 
have with human beings, and eventually 
the monkey’s favorable reactions to new 
people are acquired so rapidly as to ap- 
pear almost instantaneous. 

The formation of social-emotional 
learning sets is not to be confused with 
mere stimulus generalization, a con- 
struct applied in this field with undue 


Our observations on the formation of 
social-emotionai learning sets have been 
entirely qualitative and informal, but 
there would appear to be no reason why 
they could not be studied experimentally. 

The emphasis throughout this paper 
has been on the rdle of the historical 
or experience variable in learning be- 
havior—the forgotten variable in cr7- 
rent learning theory and research. Hull’s 
Neo-behaviorists have constantly em- 
phasized the necessity for an historical 
approach to learning, yet they have not 
exploited it fully. Their experimental 
manipulation of the experience variable 
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has been largely limited to the develop- 
ment of isolated habits and their gen- 
eralization. Their failure to find the 
phenomenon of discontinuity in learning 
may stem from their study of individual 
as opposed to repetitive learning situa- 
tions. 

The field theorists, unlike the Neo- 
behaviorists, have stressed insight and 
hypothesis in their description of learn- 
ing. The impression these theorists give 
is that these phenomena are properties 
of the innate organization of the indi- 
vidual. If such phenomena appear in- 
dependently of a gradual learning his- 
tory, we have not found them in the 
primate order. 

Psychologists working with human 
subjects have long believed in the phe- 
nomenon of learning sets and have even 
used sets as explanatory principles to 
account for perceptual selection and in- 
cidental learning. These psychologists 
have not, however, investigated the na- 


ture of these learning sets which their 
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subjects bring to the experimental situa- 
tion. The determining experiential vari- 
ables of these learning sets lie buried in 
the subjects’ pasts, but the development 
of such sets can be studied in the labo- 
ratory as long as the human race con- 
tinues to reproduce its kind. Actually, 
detailed knowledge of the nature of the 
formation of learning sets could be of 
such importance to educational theory 
and practice as to justify prolonged and 
systematic investigation. 

In the animal laboratory where the 
experiential factor can be easily con- 
trolled, we have carried out studies that 
outline the development and operation 
of specific learning sets. We believe 
that the construct of learning sets is of 
importance in the understanding of 
adaptive behavior. Since this is our 
faith, it is our hope that our limited 
data will be extended by those brave 
souls who study real men and real 
women. 


[MS. received June 23, 1948] 
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